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CERTAIN MYCOBACTERIA (PARATUBERCLE BACILLI) 
WITH THE REACTION TO TUBERCULIN (OT)! 
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snp WILLIAM KRAUS 
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INTRODUCTION 


\cid-fast bacteria, other than tubercle bacilli 
and .W. johnei, have been found widely dis- 
tributed in soil, water, moss, dairy products, oil, 
on grass and grain, and in musical instruments. 
Because the original description of many of these 
organisms is meager or incomplete, it is conceiv- 
able that some of the bacteria described by 
investigators as new species represent previously 
isolated mycobacteria. 

There is increasing evidence that mycobacteria 
which differ from tubercle bacilli in their colonial, 
morphologic, and biochemical characteristics and 
in their pathogenicity for certain animals have 
been found in sputum, pulmonary lesions, lymph 
nodes, urine, blood, gastrie washings, skin, and 
feces. The biologic characteristics of many of 
these mycobacteria have been compiled and 
described by Hauduroy (1) under the designa- 
tion of “paratuberele bacilli.” 

The tuberculin reaction must be regarded only 
as a relatively specific reaction since there is 
increasing evidence that infection with a specific 
necessarily induce 
specific hypersensitivity. Thus, 
specific differences in the reaction to Old Tuber- 
culin (OT) prepared from human and from bovine 


Mycobacterium does not 


there are no 


tubercle bacilli. Tuberculous chickens react not 
only to tuberculin from avian tubercle bacilli 
but also to tuberculin from mammalian cultures, 


while cattle suffering from Johne’s disease show 


From the Henry Phipps Institute, University 
of Pennsylvania, Philadelphia, Pennsylvania; and 
the Department of Health, Bureau of Tubercu 
losis Control, Harrisburg, Pennsylvania. 

* Deceased. 


a greater degree of hypersensitivity to avian OT 
than to johnin. 


B. and E. Lange (2) found that tuberculous 
guinea pigs reacted to the intracutaneous in 
jection of turtle, frog, trumpet, timothy grass, 
and milk mycobacteria and to the tuberculin-like 
product from these cultures. 8S. Meyer (3), on the 
other hand, reported that tuberculin-negative 
children injected intragluteally with mycobacteria 
isolated from some cold-blooded animals failed to 
react to OT, but reacted to the tuberculin pre 
pared from some of these mycobacteria. Long (4) 
and Long and Seyfarth (5) noted that the in 
jection not only of OT but also of cultures of frog, 
grass, or smegma bacilli into the testes of tuber 
culous guinea pigs induced an acute inflammatory 
reaction with necrosis of spermatocytes and sper- 
matids. Blumenberg (6) concluded that the histo 
logic appearance of the local tuberculin reaction 
was nonspecific and could be elicited by the in 
jection of B. coli. Boquet and Négre (7) found that 
the Koch phenomenon could be elicited in tuber 
culous animals not only by mammalian and avian 
tubercle bacilli but also by some paratubercle 
bacilli. The tuberculin produced by a chromogenic 
culture which Cabasso and associates (8) isolated 
from a fly induced an intense local inflammatory 
reaction in tuberculous guinea pigs and proved 
fatal to the animals when injected intraperi 
toneally. McCarter, Getz, and Stiehm (9) found 
that a high percentage of persons who reacted to 
OT from human tubercle bacilli also reacted to 
purified protein derivative (PPD) from avian 
tubercle bacilli. They further that 
avian PPD sensitized man, and that hypersensi- 
tivity to PPD prepared from either human or 
avian tubercle bacilli could be due to sensitization 


concluded 


by other mycobacteria. 
That the nonspecificity of the tuberculin re- 
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action is not limited to mycobacteria is indicated 
by the observations of Zinnser and Tamiva (10 
that 


fus reacted not 


who noted guinea pigs infected with B 


but also to 


found that a 


abo only to abortin 


significant percentage of Indians living in south 


(ronson, Saylor, and Parr (11 


eastern Alaska, who showed a high level of hypet 
sensitivity to PPD from human tuberele bacilli, 
ilso reacted to protein prepared from Br. abortus, 
despite the fact that the Indians did not use fresh 
milk and were not known to have been exposed to 


abortus-infected animals 


The more frequent use of cultural procedures 
for the isolation of tubercle bacilli from body 
fluids and from resected pulmonary lesions has 
resulted in the isolation of an increasing number 
ol chromogenic and nonchromogenic mycobac 
teria which are nonpathogenic for guinea pigs 
but differ in morphologic, colonial, and biochemi 
cal characteristics from tubercle bacilli 

The present study was undertaken to determine 
whether or not proteins from mycobacteria 
isolated from pathologic lesions of man would 


inflammatory reactions 


specihe, local, 


in tuberculous and nontuberculous persons, as 
well as to find the relationship of such reactions 


to the loeal reaction following the intracutaneous 


injection of OT 


MATERIALS AND Meruops 


Proteins from the following bacteria, which it is 
considered preferable to include under the term 
bacil 


paratubercle bacilli’? rather than ‘‘vellow 


lus “atvpieal mycobacteria,’ or “anonymous 


wid-fast organism, and which have been isolated 


from pulmonary lesions, Iymph nodes 
skin lesions, and sputum were used in this study 
Culture #16 
from 
Pollak (12 
ix photochromogenic 
from 
and other organs trom 
Buhler and Pollak 12 


Culture is photochromogenic 


isolated from resected pulmonary 
Case 1 Buhler and 
as the “‘vellow Culture 


lesion reported by 


bacillus 
isolated mesenteric nodes 


Culture 
Case 2 reported by 


aus the ‘‘vellow bacil 
lus 
Culture #160: isolated from resected pulmonary 


lesion of a patient hospitalized at the Battey 


State Hospital tome, Ceorgin “Batter 
type Culture is chromogenic especially on 
potato medium and on Sauton svnthetie 


medium 

ullure ® 222: isolated from resected pulmonary 
lesion of patient hospitalized at the Veterans 
Administration Hospital, Minneapolis, Min 
nesota. Culture is photochromogenic 


ullure %440 isolated from resected pulmonary 
lesion from patient hospitalized at Trudeau 
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Sanatorium, Saranac Lake, New York. Cul 
ture is photochromogenic 

Culture ® Bl: Repeatedly isolated over a period 
of five vears at Phipps Institute, University 
of Pennsylvania, from sputum of patient with 
bilateral apical cavities. Culture is photo 
chromogenic 

Culture “Co”: isolated from resected pulmonary 
lesion of patient hospitalized at Hospital of 
University of Pennsylvania, Philadelphia 
Pennsylvania. Culture is scotochromogeni 

Culture M. balnei: isolated from tuberculoid 


skin lesions of persons who had used a swim 
ming pool in Orebro, Sweden, and reported by 
Linell and Norden (13 
These cultures* were maintained on Americar 
Trudeau Society medium, free from any inhibiting 


dve, and on Sauton synthetic medium. Cultures 


were transplanted at approximately four-week 


intervals 


Pre paration of Protein 


The seed culture for the isolation of the protei 
was obtained by inoculating the surface of 50-ml 
of Sauton medium with 
Trudeau 


flasks containing 25 ml 
flake of a culture 
medium or with the pellicle which had 


grown on American 
Society 
formed on 5 per cent glycerol-potato medium. Th 
thin pellicle which developed and covered the 
surface of the flask transferred to the 
surface of flat 5-liter bottles containing 1,500 ml 
cultures 


was then 
of Sauton medium, pH 7.2. The wert 


maintained at 37.5° C. for six to eight weeks or 
longer until a heavy pellicle formed on the surface 
By that time the underlying culture 


medium had assumed a faint opalescent appear 


the end of 


ance except for the scotochromogen culture ~~ 
more flasks from each 
two hours in an Arnold 
sterilizer heated. The 
bacillary mass from both the unheated and heated 
by filtration through fine 
sterile silk, filtration through a 
dium-grade sintered glass filter and finally through 
a Seitz filter 

Cireen’s method 14) of the 
was adopted, since he has reported that the protein 
content and potency of tuberculin protein, iso 
lated the addition of acid 
directly to the culture filtrate 


which was vellow. One or 
culture were steamed for 

while other flasks were not 
removed 


cultures was 


followed by me 


isolating protein 


by trichloroacetic 


was equal to the 


method recommended by Seibert and Munday 
15), which requires that the filtrate first be 
concentrated by ultrafiltration through ceollodion 
impregnated alundum eandles. Sufficient cold 


The cultures have been supplied by the fol 


lowing persons: Cultures #15, 160, 222, and 440 
by Dr. H. Veterans Administration 
Hospital, Sunmount, New York; culture * 106 by 


Dr. Ann Pollak, Albert Einstein College of Medi 
cine, Yeshiva Universitv, New York, New York; 
and the VW. balnet protein by Mr. A. B. Paterson, 
Veterinary Ministry of Agriculture, 
Wevbridge, England 


Laboratory, 


} 
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} 
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SKIN REACTION TO 
4) percent aqueous solution of trichloroacetic acid 
was added to the filtrate, which had been kept at 
The precipitate which formed was permitted to 
settle overnight in the cold, after which it 
centrifuged, washed three times with cold 1 
followed 


to give a final concentration of 4 per cent 


was 
per 
cent trichloroacetic acid, by repeated 


washings with acetone and anhydrous ether 
precipitate Was then dried and kept in 
\ concentrated stock solution containing 2.0 mg 
per ml. of the protein was prepared by dissolving 
the powder in tenth normal sodium hydroxide and 
diluting with physiologic saline containing 0.25 
Sufficient tenth normal hydro 
when necessary, to give a 


per cent phenol 
chlorie acid was added 
final pH of 7.2. Finally 
filtered through a fine sintered glass filter, tested 
for sterilitv, and stored at 4° C 

Fresh dilutions for testing were made from the 
protein H bs The protein 
which was received in powder 


the protein solution was 


concentrated required 


from 


was diluted as described above 


halnei 


form 


OBSERVATIONS 


The required dilutions of each protein as well 
is the 
twenty-four hours of use. Each protein was given 


dilutions of OT* were prepared within 


a code letter and code color, and colored plastic 
tape was used to mark all glassware and syringes 
to prevent mixing of the svringes. The intra 
‘utaneous injections were made in the middle of 
the anterior surface of the arm, since Aronson and 
Taylor (16) found that reactions are more definite 
and fewer doubtful reactions result when injec 
the arm 


tions made in the denser skin of 


rather than in the loose skin of the forearm. 


are 
The number of subjects receiving any one 
protein was selected at random and was roughly 
the ratio of the institution population to the 
number of proteins used. Each person received 
an intracutaneous injection with an arbitrary 
lose of 0.00002 mg. of the protein from one of 
the “paratubercle bacilli” simultaneously with 
in Intracutancous injection in the opposite arm 
of 0.01 mg. of OT. The injection sites were ob 
served forty-cight hours later, the area of edema 
determined by measuring the two longest axes, 


In 


those whose reactions were negative or equivocal 


ind the thickness of edema was estimated, 


to either the protein or OT, a second injection of 
either 0.0002 mg. of protein or 0.1 mg. of OT, 
The Old Tubereulin used in this study 


supplied by the Wyeth Company, Marietta, 
Pennsylvania, whose preparation has been found 


Wits 


over a period of many vears to be relatively uni 


form in potency 


PRODUCTS OF 


PARATUBERCLE BACILLI 


or both, was administered and observed forty 
eight hours later. 
Patients in Tuberculosis Hospitals 
This study was conducted on a group of 1,216 
male and female patients in two Pennsylvania 
state 1,322 


inmates of a Pennsylvania state industrial school, 


tuberculosis sanatoriums, on male 


and on 423 inmates of the same industrial school 
twelve weeks following BCG vaccination. 

The results presented in table 1 indicate that 
the per cent distribution of those in the tuber 
culosis sanatoriums who reacted to 0.01 mg. of 
OT was relatively uniform for each group, rang 
ing from 83.3 per cent to 96.2 per cent, an average 
of 91.6 per cent of reactions. Of those reactions 
to 0.01 mg. of OT, 1.9 per cent were recorded as 
24.2 


per cent as 3-plus; one, 4-plus; while 5 per cent 


l-plus reactions; 72.8 per cent as 2-plus; 


were doubtful. 
In to the uniform 


centage of reactions to OT is the wide variation 


contrast relatively per 
in the percentage who reacted to 0.00002 me. of 
protein from the different “paratuberele bacilli.” 
Thus, 14.5 per cent reacted to the protein from 
the heated culture “BI and 86.0 per cent were 
positive to the protein from the heated culture 
1. balnei. No person reacted to the protein from 
the unheated and heated culture #440 or to the 
protein from the unheated culture “Co,” this 
despite the fact that a high percentage of those 
same persons reacted to 0.01 mg. of OT. 

\ significantly higher percentage of 1-plus 
reactions was observed following the injection of 
0.00002 mg. of the different proteins than of 
0.01 mg. of OT, and with but two exceptions a 
higher percentage of 2-plus reactions followed 
the use of protein than of OT. On the other hand, 
with the exception of the protein from .1/. balnei, 
a significantly lower percentage of the proteins 
than of OT gave 3-plus reactions, and no protein 
induced a 4-plus reaction. Slight or indefinite 
reactions were observed more frequently follow 
ing the injection of the protein than of OT 
The doubtful varied 
from 8 per cent for the protein from ./. balnet 
to 31 per cent with the protein from the heated 
culture “BL.” 

The intensity of the local reaction to the differ 


percentage of reactions 


ent proteins was correlated with the intensity of 
the reaction to OT. In general, people with a 


higher hypersensitivity to OT showed more 


722 
499 
| 


734 {RONSON 


AND 
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TABLE 1 


tro OT 


CORRELATION OF REACTIONS 


Positive to 0.01 


AND TO PROTEIN 


Tuberculosis Sanatoriums 


Positive to 0.1 


mg. OT mg. OT 
Culture Number | - 
Number Per Cent 
1b U 91 81 89.0 6 60.0 
106 U 99 94 | 94.5 4 80.0 
106 H 93 84 | 90.5 9 100.0 
160 U 90 83 | 92.2 $ 57.0 
160 H 87 80 | 92.1 4 57.0 
222 U 86 81 | 94.2 3 60.0 
222 H 90 85 | 94.4 5 100.0 
+40 | 80 78 | 97.5 1 50.0 
H40 H 71 68 | 95.8 3 100.0 
BI—U 105 88 | 84.0) 14 82.4 
BI—H 97 81 | 83.3 | 12 75.0 
Co—U 89 81 | 91.0 } 50.0 
Co—H 92 76 | 92.7 4 66.6 
VW. balnei—H 50 18 | 96.2 ] 50.0 
Total 1,210 | 1,108 | 91.6 | 74 72.5 
U = Unheated culture; H = Heated culture 


marked reactions to the protein, although ex- 
ceptions were noted. 

The 102 persons who showed doubtful reac- 
of OT 


were injected in the opposite arm with 0.1 mg. 


tions or who failed to react to 0.01 mg. 


of OT. Of this group, 74 gave a definite reaction. 


Thus, of 1,210 patients in tuberculous sana- 
toriums, 1,182 (97.9 per cent) reacted to either 
0.01 mg. or 0.1 mg. of OT. 

It will be noted from table 1 that, of those 


who were re-tested with 0.0002 mg. of protein 
following doubtful to 
0.00002 


or negative reactions 
generally an equal or greater per 
centage reacted to the larger dose than to the 
initial 0.00002 mg. No person injected with the 
larger dose of protein from the unheated cultures 
#440 and “Co” reacted, while only 17 per cent 
positive to 0.0002 mg. of 
heated «440. 

The results of this phase of the study indicate 
that, 


were protein from 


in a high percentage of patients in two 


tuberculosis sanatoriums, proteins from most 


of the “paratubercle bacilli” capable of inducing 
local or general lesions in man can induce a 
definite local inflammatory reaction comparable 


with that induced by Old Tuberculin. 


FROM Some ‘‘PARATUBERCLE 


Positive to 
0.0002 mg. of 


Positive to 


T, 
0.00002 mg. of Total Positive 


Total Positive to 
OT to Protein 


Protein Protein 
Number Per Cent = = an 
Z Zz 
S7 96.5 | 64 | 70.3 | 20 | 74.0 | 84 | 93.2 
YS 99.0 | 63 | 638.6 | 31 86.0 94 94.9 
93 | 100.0 | 43 | 46.2 | 45 | 91.8 | 88 | 94.6 
87 96.7 | 37 | 41.1 | 31 | 58.5 | 68 | 75.5 
84 96.6 | 64 | 73.9 | 19 | 82.6 | 83 | 95.4 
S4 97.7 | 72 | 83.9 9 | 64.2 | 81 | 94.2 
90 100.0 | 47 | 52.2 | 38 | 88.4 | 85 | 94.4 
79 98 .7 0 0 0 
71 =100.0 0 - 12 | 17.0 | 12 | 16.4 
102 97.1 | 48 | 45.7 | 48 | 84.1 | 96 | 91.4 
93 95.9 | 14! 14.5 | 52 | 63.2 | 66 | 65.0 
SS 95.5 0 0 0 
SO 97.6 | 47 | 57.2 | 20 | 59.0 | 67 | 81.7 
19 98.0 43 | 86.0 § | 71.5 48 96.0 
1,182 97.7 
Subjects from the Industrial School 
Comparative skin tests with OT and with 
proteins from different “paratubercle bacilli’ 
were carried out on 1,322 young males, the 


total population of a Pennsylvania state in- 
(table 2). 


newly admitted persons as well 


dustrial school This group included 
as inmates of 
longer residence, who had been tuberculin tested 
in the previous year or years and who had re- 
ceived BCG vaccine when negative. It is noted 
that 44.4 per cent of the 1,322 persons tested gave 
positive reactions to 0.01 mg. of OT. Persons 
who gave doubtful or negative reactions were 
of OT, and 19.7 
cent of those gave positive reactions. The total 


reinjected with 0.1 mg. per 
per cent of reactions to both doses of tuberculin 

As among the sanatorium patients, the per- 


was 


centage of reactions to the different proteins 
varied with the protein injected, but roughly 
paralleled the reactions to OT. In the industrial 
school one protein, that from 1/. balnei, gave a 
higher percentage of reactions than OT. Those 
proteins which had produced no reactions among 
the sanatorium patients gave from 1 to 7.6 per 


) 


} 


| 
| 

| 
| 


ILLI”’ 


Positive 


to Protein 


Per 
= Cent 
4 | 93.2 
94.9 
8 94.6 
8 | 75.5 
3 | 95.4 
1 | 94.2 
5 | 94.4 
2 16.4 
91.4 
6 665.0 
{| 81.7 
696.0 
ol 
nd with 
bacilli’ 
les, the 
tate in- 
ncluded 


of 
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SKIN REACTION TO PRODUCTS OF PARATUBERCLE BACILLI 


TABLE 2 


CoRRELATION OF Reactions TO OT AND TO PROTEIN FROM SOME ‘“‘PARATUBERCLE 
Male Industrial School 


Positive to Positive to Total Positive 


Culture Number otein rotein 
Num- Per |Num- _Per Num- Per |Num- Per Number Per |Num- Per 
ber Cent ber Cent ber Cent ber Cent Cent ber Cent 
15 | 96 45 | 46.9 7 | 13.7 52 | 54.2 | 22 | 22.4 25 33.8 | 47 | 49.9 
106 U 98 33 | 33.7 13 | 20.0 46 | 46.9 | 25 | 25.5 18 24.0 | 43 | 43.9 
106 H 95 43 | 45.2 8 | 15.4 51 | 53.7 | 25 | 26.3 | 18 25.7 | 43 | 45.3 
160 U 98 30 | 30.6 5 7.4 35 | 35.7 | 10 | 10.2 18 20.5 | 28 | 28.6 
160 H 92 24 | 26.1 17 | 25.0 41 | 44.6 | 27 | 29.3 17 26.2 | 44 | 47.9 
222 I 95 33 | 34.7 12 | 19.4] 45] 47.4] 15 | 15.8 28 35.0 | 43 45.5 
222 H 82 37 | 45.1 12 | 26.7 49 | 59.7 | 17 | 20.7 | 27 411.5 | 44 | 56.6 
440 U 96 50 | 52.1 9 | 19.7 59 | 61.4) 1 1.0 23 24.2 | 24 | 25.0 
440 H 95 39 | 41.0 11 | 19.7 50 | 52.6 7 7.4 9 10.1 | 16 | 16.9 
BI—t 94| 49/ 52.1] 9/200] 58/ 61.7) 40 | 15 | 27.9| 55 | 58.5 
BI—H 102 48 | 47.1 13 | 24.1] 61 | 59.8] 17 | 16.7 22 25.9 | 39 | 38.2 
Co—U 79 | 38 | 48.1 7|17.1| 45|57.0| 6] 7.6| NT 
Co—H 101 54 | 53.5 13 | 27.7 67 | 66.3 | 43 | 42.6 20 34.5 | 63 | 62.4 
M. balnei—H 99 64 | 64.6 9 | 25.7 73 | 73.7 | 70 | 70.7 29 24.2 | 77 | 77.8 
rotal 1,322 | 587 | 44.4 | 145 | 19.7 | 732 | 55.4 
U = Unheated cuiture; H = Heated culture; NT = Not tested. 


TABLE 3 
CoRRELATION OF REacTIONS TO OT AND TO PROTEIN FROM SOME 
FoLLow1nG BCG VaccINATION 


**PARATUBERCLE BACILLI” 


Doubtful to 
0.0002 mg. of 


Positive to 
0.0002 mg. of 


Doubtful to 
0.00002 mg. of 


Positive to 


Positive to Doubtful to 0.1 
OT 


2 me. o 
Number | Protein Protein Protein 
15 | | 36 32 88.9 t ll.1 | 6 16.7 | 11 30.6 17 ‘7.2 9 25.0 
106 U 51 18} 94.1 3 5.9} 10 | 19.6) 5 9.8| 16 | 31.8 8 | 15.7 
106 H 4] 37 90.2 } 9.8 Ss 19.5 | 6 14.6 15 36.6 9.8 
160 U 39 39 «100.0 0 - 6 15.4 Ss 20.5 6 15.4 | 2 31.8 
160 H 79 69 | 87.3 9 11.4 20 | 25.3 6 7.6 | 40 | 50.6 | ) 12.7 
222 U 15 15 | 100.0 0 5 33.1 2 13.3 | 9 60.0 — 
222 H 24 22 91.6 1 4.2 l $.2 6 25.0!) 10 41.7 3 12.5 
440 U 3i 30 96.8 1 3.2 2 6.5 0 0 0 - 
440 H 35 33 94.3 | 1 2.9 0 6 17.1 2 5.7 2 5.7 
BI—U 34 30 88.2 | 4 11.2 12 35.3 9 32.1 7 20.6 6 17.6 
BI—H 38 36 94.7 2 5.3 1 2.6 4 16.5 3 9.7 6 19.4 
Total 123 | 391 | 92.4] 29 6.8 


U = Unheated; H = Heated. 
Note: M. balnei protein was not used in this study but was used in a published study of Aronson, 
Taylor, and McGettigan (Am. Rev. Tuberc., 1954, 70, 71). M. balnei gave a high percentage of reactions 
following BCG vaccination. 
cent positive reactions with 0.00002 mg. of consistently higher percentage of reactions as 
well as more intense reactions than the white 
inmates, both to 0.01 mg. of OT and to 0.00002 


mg. of the different proteins. 


the proteins. 
When the results of the tests in the school were 
compiled by race, the Negro inmates showed a 
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BCG-vaccinated cts 


These 423 voung males at the same industrial 
school were a group originally negative to 0.01 
OT BCG 


Twelve weeks later they were re-tested 


mg. of who were vaccinated with 
table 3) 
with OT and with all but three of the same pro 
teins used previously in the institution. Only the 
0.1 dose of OT was used at the end of the 


twelve-week period after vaccination, but the ini 


mg 


tial dose of 0.00002 mg. of protein was used and 
0.0002 me. 
doubtful. Doubtful reactions are 


was followed by when the reaction 
Was negative or 
tabulated for this group 

Here again the reaction to the protein varied 
with the 
similar to those among the two other groups of 


culture used, and the variations were 
persons. It was noted, however, that the total 
percentage ol positive reactions to both doses 
of the than the 


protein was consistently less 
reactions to the 0.1 dose of 
the the 


inmates of the industrial school previously 


percentage of meg. 
OT 
1 322 


\mong sanatorium patients and 


tested, the total percentage of positive reactions 


to the different proteins was more nearly that 


of the total positive reactions to OT 
SUMMARY 
The results of this study indicate that the 


protein fractions from cultures of certain “para 
tuberele bacilli” isolated from pulmonary lesions 
marked 


trom 


variations in their antigenicity, 
96.0 


show 
cent 
the 


arving zero) per cent to 


skin-reacting material varies with the different 


per 
positive reactions thermostability of 
mvcobacteria 

The results of simultaneous tests made with 
different 


common 


Tubereulin and protein from 
bacilli” 


intigenic relationship between typical tuberele 


Old 


‘paratuberele indicate some 
macilli and certain of the “paratubercle bacilli,” 


including some chromogenic mycobacteria. 


SUMARIO 


oteina de 
(Bac tlos Parat therculo 
Tuberculina (TA 


Indican los resultados de este estudio que las 


elacion de la Reaccién a la P 


Clertas Micobacterias 


sux) con la Reaccion ala 


lracciones proteinicas de los cultivos de ciertos 


‘bactlos paratuberculosos aislados de lesiones 


pulmonares muestran notables variaciones en su 


intigenicidad, oscilando de cero a 96.0 por cento 


renec tones positivas La termoestabilidad del 


AND KRAUS 


material cutirreactor varia con las distintas bac 
terias 

Los resultados de pruebas simultaneas verifica 
das con tuberculina antigua y con proteina proce 
dente de distintos “‘bacilos paratuberculosos 
indican alguna comun relacion antigénica entre 
tuberculosos y ciertos ‘‘bacilos 


tipicos bacilos 


paratuberculosos,’’ comprendiendo algunas mico 


bacterias cromogenas 
ResUMI 


C‘orrélation entre la réaction a la proteine de 


bacilles paratube 
de 
Les résultats de cette étude indiquent qpue les 


ertaines muycobactéries 


eur) etla réaction a la tuberculine 


fractions protéiques de cultures de certains “bh 
cilles paratuberculeux isolés de lésions pulmo 


quant a lew 
cle 


naires, varient considérablement 


antigénicité, les réactions positives varient 


zéro pour cent 96 pour cent. La thermostabilit: 


du matériel donnant une réaction cutanée vari 
selon les différentes mycobactéries 


Les résultats de tests simultanés effectués ave 


la tuberculine de Koch et la protéine provenant de 


différents ‘“‘bacilles paratuberculeux”’ indiquent 
une certaine relation antigénique commune entre 
les bacilles tuberculeux typiques et certains des 
certames 


‘bacilles paratubereuleux”’’, vy compris 


mvcobactéries chromogénes 
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STUDIES ON THE VIRULENCE OF TUBERCLE BACILLI USING 
P®-LABELED BACILLI 


I. The Comparison of Elimination in Vivo of P®* Derived from Heat-killed 
Virulent and Avirulent Tubercle Bacilli 


YOSHIHIRE YAMAMURA, JUNKICHI TANI, TAKEO TERAI, ann YUICHI YAMAMURA 


(Received for publication September 22, 1958) 


INTRODUCTION 
It still « matter of controversy 
tuberculous lesions are caused by primary toxicity 


whether 


of tubercle bacilli or by the secondary toxicity 


based upon the allergic reaction. Many investi- 


vators have tried to ascertain the existence of 


primary toxie substances in tubercle bacilli, but 
the question is still not clearly solved. 

New interest in this question has been aroused 
by the observations of Bloch and his associates. 
They obtained a toxic lipid material from petro- 
leum-ether extract of virulent tubercle bacilli and 
BCG (1-3). The material termed “cord factor” 
had delaved toxicity for mice by the injection of 
relatively small doses, and inhibited the migra- 
tion of leukocytes in vitro. The same material was 
also obtained from wax C of virulent tubercle 
bacilli and BCG (4, 5). This material was purified 
by chromatography, and the chemical structure 
of “cord factor” was determined trehalose- 
6,6’-dimycolate by Noll and associates (6, 7). In 
another report, the characteristic effect of virulent 
tubercle bacilli on leukocytes was demonstrated 
\llgower Bloch 


leukoevtes in vitro was completely inhibited by 


by and (8). The migration of 
heat-killed virulent bacilli, but was not affected 
by avirulent heat-killed organisms. 

On the basis of these observations, it was sup 
posed that the virulent tubercle bacilli, which 
phagocytized, 
host 


are 
the 


In the present paper 


have more toxic substances, 


digested, and eliminated from more 


slowly than avirulent ones. 


evidence ts presented that reveals that the toxic 
lipid fraction of virulent bacilli plays an impor 
tant role in resisting the destruction in vivo and 


impairing the elimination mechanism of the host. 
Tubercle labeled p= 


tracers 


bacilli with were used as 


From the Research Laboratory of the National 


Sanatorium, Tonevama Hospital, Osaka, Japan. 


MATERIAL AND Metruops 


Animal experiments: All experiments were per 
formed with inbred male Swiss albino mice, strain 
Na-8, six weeks of age, weighing approximatel 
15 to 20 gm. 

Bacterial strains: The following strains of myco 
bacteria were used: human tubercle bacilli, strains 
H37Rv (virulent) and H37Ra (avirulent); bovine 
tubercle bacilli, strain Miwa (virulent); attenu 
ated strain BCG; avian strains Takeo and Jucho 
(both avirulent for mice); and Mycobacterium 6072 

Preparation of suspension of heat-killed tubercle 
bacilli labeled with P® and defatted bacilli: The 
bacilli were grown on Sauton liquid medium con- 
taining 10 to 20 microcuries of NasHP#O, per ml 
When a thin veil of bacillary growth just covered 
the surface of the medium, the culture flask was 
placed in a water bath heated at 60°C. for one 
hour. The bacilli thus killed were harvested on 
filter paper and were washed thoroughly with 
distilled water until the filtrate had radio 
activity. The excess moisture was removed by 
pressing the bacterial mass between sheets of 
filter paper. The bacilli were weighed and ground 
in an agate mortar, and bacterial suspensions of 
2 mg. (wet weight) per ml. of physiologic saline 
solution were prepared. Another portion of heat 
killed bacilli washed with distilled water, 
dried, and extracted with 100 volumes of 
ethanol-ether (1:1) mixture for two days at 0°C 
The bacillary mass was collected by centrifugation 
at 3,000 r.p.m. for fifteen The bacilli 
were re-extracted three times in the same manner. 
Bacterial (dry weight 
(0.25 mg wet weight 
per ml. were prepared from the extracted cells 
In the next step, the heat-killed bacilli extracted 
ethanol-ether (1:1) were subsequently ex- 
tracted with 100 volumes of chloroform at 0°C 
for two days, and the chloroform-soluble fraction 
was removed through filter paper. The extraction 
the bacilli 


was 
an 
minutes. 
suspensions of 0.5 mg. 


corresponding to 1.0 mg 


with 


was repeated three times, were col- 

? The strains H37Rv, H37Ra, BCG, and MW. 607 
were obtained from the Division of Tuberculosis, 
National Institute of Health, Tokyo. The strains 


Miwa, Takeo, and Jucho were obtained from 
Takeo Department of Tuberculosis, Research 
Institute for Microbial Diseases, Osaka Univer 


sitv, Osaka, Japan. 
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TABLE 1 


DISTRIBUTION OF P® IN Mouse Bopy 
Wer WeiGcut) or HEAT 


Imme 
diately 
after 
Injec tion 


Radioactivity Number of 


Injected Animal 
Whole 
Body 2ungs 
p.m.* c.p.m. 
H37Rv I 5,620 
2 5,280 
5,630 3 586 
134 
5 552 
Average 5,450 524 
Per cent of recovery 96.7 9.3 
* Counts per minute 
lected, and bacterial suspensions of 0.5 mg. (dry 
weight) per ml. were prepared. 
Injection into mice: Twenty to 22 mice were 


injected intravenously with 0.25 ml. of bacterial 
suspensions which contained 0.5 mg. (wet weight) 
of the heat-killed P**-labeled bacilli or 0.125 mg. 
dry weight) of defatted bacilli. 

Veasurement of radioactivity in whole bodies and 
organs of mice: Four mice were sacrificed at inter 
vals of about five days in accordance with the 
whole homogenate technique of Yamamura and 
associates as follows (9). After being killed with 
ether, 2 mice were chopped into several pieces 
with scissors and homogenized for a few minutes 
in an electric mixer® with 9 volumes of distilled 
water. The homogenate filtered through 
folded gauze in order to remove the hair, teeth, 
and nails. Thirty milliliters of homogenate were 
poured in a beaker and dried under an infrared 
lamp. Two other mice were examined at autopsy, 
liver, kidneys, and spleen were 
homogenized separately. Ten milliliters of con 
centrated HCl and 4 ml. of concentrated HNO 
were added to the dried homogenate which was 
heated in a boiling water-bath until the mixture 
of HCl and HNO, was evaporated. Then, 2 ml. of 
concentrated HNO, and 10 ml. of distilled water 
were added, heated again to the boiling point, 
and filtered. The residue was washed with 50 ml. 
of distilled water. The pH of this filtrate was ad- 
justed to 7.0 with 30 per cent NH,OH; then 25 ml. 
reagent were added 
thirty minutes in a 
precipitate of ammo 
is collected on a filter 


was 


and their lungs, 


of ammonium molybdate 
and heated at 60°C. for 
water bath. The resulting 
nium phosphomolybdate w: 


Kenmix Liquidizer, Model A 900. 


AFTER THE 
KILLED BACILLI 


INTRAVENOUS INJECTION OF 0.5 Ma. 


LABELED witH 


Twenty-Four Hours after Injection 


Liver Spleen Kidneys Remainder Total 
1,779 254 SO 1,392 4,096 
1,835 299 83 1,002 },653 
2,310 90 S7 1,388 1,427 
1,975 214 85 1,261 059 
35.0 3.8 1.5 22.4 71.9 


paper in an aluminum funnel (diameter 2.1 em.), 
and the radioactivity of this precipitate 
measured with a Geiger-Miiller counter 

The radioactivity of the bacilli injected into 
each mouse was measured as follows: Twenty-five 
milliliters of bacterial suspension were taken in 
an aluminum dish (diameter 2.1 em.) and dried 
under an infrared lamp. The radioactivity was 
counted by a Geiger-Miiller counter. The appro 
priate corrections were applied for background, 
natural decay, and sample volume. 

Thus, the rate of elimination of bacilli from 
mice bodies was followed by measuring the radio 


was 


activities in organs and whole bodies of mice. 
RESULTS 

Distribution of labeled bacilli in mouse body by 
intravenous injection: The P®-labeled heat-killed 
bacterial suspensions were injected into the tail 
veins of mice. Immediately, or one day after the 
injection, mice were sacrificed and their radio- 
activity was measured. The results are shown in 
table 1. Almost 
recovered from the whole body of mice immedi- 
ately after the injection. One day after the in- 
jection, 35 per cent of the activity was located in 
the liver. The radioactivity in the lungs, kidneys, 
and spleen was too weak to obtain exact values. 


all radioactivity injected was 


Therefore, in the following experiments, radio- 
activity was measured only in the whole homo- 
genate and liver. 

In vivo heat-killed P**-labeled 


mycobacteria: Various strains of P-labeled myco 
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Fic. 1. Elimination of P® from whole body of 
mice after the intravenous injection of 0.5 mg. of 


heat-killed P-labeled bacilli of various strains 
of mveobacteria 
H37Rv 
bovine, Miwa 
a—-—* BCG 
e— —* M,607 
e—---° H37Ra 
«----e avian, Takeo 
*----* avian, Jucho 
50 
* © 
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2 avian, Takeo 
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Days in time after injection 
hia. 2. Elimination of P*® from liver of mice 
after the intravenous injection of 0.5 mg. of 
heat-killed P-labeled bacilli of various strains 


of mycobacteria. 
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. « H37RV 

2 e bovine, Miwa 
a—-—as BCG 

o——os M,607 
e------ H37Ra 


a----o avian, Takeo 


Percent recovery of radioactivity (c.p.m.) 


1 1 i 1 
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Days in time after injection 


Fic. 3. Elimination of P® from whole body of 
mice after the intravenous injection of 0.125 mg 
(dry weight) of heat-killed P-labeled bacilli 
which were defatted by treatment with ether 
aleohol (1:1) mixture. 


bacteria were injected into the tail veins of mice 
and the rate of elimination of P® was measured 
at constant periods of time after the injection. 

The results are shown in figures 1 and 2. The 
elimination of P-labeled human tubercle ba- 
cilli, virulent strain H37Rv, the bovine virulent 
strain Miwa, and BCG from the whole body and 
liver of the mouse was slower than that of the 
human avirulent strain H37Ra and avian myco- 
bacteria, the Takeo and Jucho strains. An inter 
mediate rate of elimination was observed in the 
case of 7. 607. It is notable that the results in 
the liver paralleled those in the whole body. 

In vivo elimination of heat-killed P-labeled 
mycobacteria which were extracted with an alcohol- 
ether mixture: The . 


labeled mycobacteria which were extracted with 


results obtained when 
alcohol-ether were used are indicated in figures 3 
and 4. The differences in elimination from the 
whole body and the liver between H37Rv, Miwa 
strain, BCG, H37Ra, and the Takeo strain wer 
significant, although they were less remarkable 
than with intact bacilli (see figures 1 and 2). Thus, 


the material responsible for the rate of P® climi- | 
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Fic. 4. Elimination of P*® from liver of mice 


after the intravenous injection of 0.125 mg. (dry 
weight) of heat-killed P-labeled bacilli which 
were defatted by treatment with ether-alcohol 
1:1) mixture. 


nation is not removed by extraction with alcohol- 
ether. 

In vivo elimination of heat-killed P*labeled myco- 
bacteria which with alcohol-ether 
and chloroform: Various strains of heat-killed 


were extracted 
mycobacteria which were extracted with alcohol- 
ether and chloroform were injected into mice. The 
rate of elimination of P® in the whole body and 
liver of the mouse is shown in figures 5 and 6. 
No differences were observed among 7 strains, ir- 
respective of their virulence. These results indi- 
cate that extraction with chloroform has removed 
the material responsible for the difference in the 
rate of elimination. 

The half-diminution times of P® in 
strains of heat-killed and defatted bacilli in vivo 
extracted with alcohol-ether and chloroform are 
shown in table 2. The half-diminution time was 


various 


calculated on linear parts of the elimination curve 
of P® at ten to thirty days after injection, and 
corrections were made for the natural decay of 
P®. The data show that the half-diminution time 
in vivo of virulent bacilli labeled with P® is three 
to five times longer than that of defatted bacilli 
and avirulent bacilli. 


Control Experiments 


In the course of these experiments, it was found 
that the P®-labeled bacterial suspensions con- 
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Fic. 5. Elimination of P® from whole body of 
mice after the intravenous injection of 0.125 mg. 


(dry weight) of heat-killed P*-labeled bacilli 
which were defatted by treatment with ether 
aleohol (1:1) mixture and chloroform. 
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Fic. 6. Elimination of P® from liver of mice 
after the intravenous injection of 0.125 mg. (dry 
weight) of heat-killed P-labeled bacilli which 
were defatted by treatment with ether-alcohol 
(1:1) mixture and chloroform. 
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TABLE 2 


Haur-piminution Time rrom Bopvy AaNp 
Liver at 10 vo 30 Days AFTER THE INTRA- 
venous Ingecrion oF Heat-KILLED 
or Various Srrains OF MyYcCoBACTERIA AND 
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As shown in table 3, the radioactivity of non- 
bacillary water-soluble P® is about 
cent that of the original bacterial suspensions 
The elimination of water-soluble P® and of P® 
from bacterial suspension from the mouse or- 
ganism is illustrated in figures 7 and 8 (lines A 
and B). A true elimination line of the bacillary 
P® can be calculated by substracting line A from 


20 to 35 per } 


Tnose Derarrep with (1:1) 
AND CHLOROFORM 
Natural decay of P® is corrected) 
With Alcohol-Ether 
(1:1) and Chloroform 
Heat-killed Bacilli | fyefatted Heat-killed 
Bacilli 
Strain 
Whole Whole 
Body Liver Body Liver 
day day days day 
H37Rv 17.0 57.0 11.5 5.5 
Rovine, 

Miwa 13.0 25.5 12.0 7.5 
BCG 31.5 54.0 10.0 10.0 
H37Ra 10.5 10.5 7.0 11.5 
V.607 9.5 16.5 15.5 10.4 
Avian, Takeo 6.0 5.0 12.5 8.0 
Avian, Jucho 8.5 9.0 9.0 8.5 


TABLE 3 


AMOUNTS OF 
CONTAINED IN 


NONBACILLARY WATER-SOLI 


BLE 
HeAT-KILLED P® 


LABELED BACTERIAL SUSPENSIONS 


Original Bacterial 
Suspension s 
Radioactivity 


c.p.m.*/ml. 


11,448 


9 595 


H37Rv 
Takeo 


* Counts per minute 


tained some amount of nonbacillary water 
P®_ In order to estimate the effect of water 


P® on the results, the following control 


ment was performed. 


The P-labeled bacterial suspensions, 


and Takeo, 
for thirty 


H37Rv 
r.p.m. 
centrifuge 
Zichl-Neelsetr 
No 


scopically bacteria 


were centrifuged at 
minutes in 
The supernatant was stained by the 
procedure 


Supernatant’s 
Radioactivity of 
Bacterial 


Suspension (B)/(A) 
(Nonbacillary 
Water-soluble P 
c.p.m/ml 
4, Ov2 0.35 
2,178 0.23 
soluble 


soluble 


experi 


strains 
35,000 
a Spinco Model L 


examined micro 
One-fourth 


and 


were seen. 


milliliter of the supernatants and of the original 


bacterial suspensions, 
radioactivity, 
the 
organism was observed. 


rate of elimination 


after 


being counted for 


was injected into the mice, and 


of 


from the mouse 


line B. The resulting line is 


illustrated as line ( 


- e line At non-bacil water- 
100 soluble P 
line B: bacterial suspension's 
r P32 2 
line C: true bacillary p3 
50 (calculated from A and B) 
t\ } 
\ 
é \ 
— 1 
~line B (whole body) 
» L \ —~ 
5 Line hole body) 
e 
3 ‘ 
B (liver) 
10 
line C (liver) 
© 
line A (whole body) 
| | 
\ 
line &, 
(liver) | 
| 
| 
2 5 10 15 20 
Days in time after injection 
Fig. 7. Elimination rate of nonbacillary water 
soluble P*, bacterial suspension’s P®, and true } 
bacillary P* from bodies and livers of mice (it 
ease of heat-killed H37Rv). 
e----* line At non-bacillary water- 
soluble P32 
line Bs: bacterial suspension's 
2 
o—-—e line Cs true bacillary P32 


(calculated from A and 8) 


B (whole body) 


20 -\, 
re 
5.3 line C (whole body) 


\Xiline B 
Cliver) 
line 


Percent recovery of radioactivity (c.p.m.) 


(liver, 
line A 
line & (whole body) 
(liver) 
2 5 10 15 20 
Days in time after injection i 


Fig. 8. Elimination rate of nonbacillary water 
soluble P*, and true 
bacillary P® from bodies and livers of mice (in 
of heat-killed avian mycobacteria Takeo). 
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in figures 7 and 8. A comparison of the lines B 
and C shows that the difference between the 
gradients of the two lines is negligible, so that the 
elimination rate can be compared with line B 
instead of with line C. In fact, the elimination of 
water-soluble P® was so rapid that the results 


affected by the contamination with 
px, 


were not 


water-soluble 


Discussion 


It was reported by Bloch aad associates that 
virulent tubercle bacilli and BCG had a toxic 
substance termed “cord factor” which was lacking 
in avirulent bacilli. This substance was obtained 
from the chloroform-soluble fraction of tubercle 
bacilli. Later, Spitznagel and co-workers (10) ob- 
tained a similar substance by extracting phenol 
killed virulent tubercle bacilli with monochloro- 
benzene. Bloch and associates claim that this 
toxic substance soluble in monochlorobenzene is 
identical with the “‘cord factor” (11). 

It was observed in the present investigation 
that the rate of elimination of heat-killed virulent 
bacilli and BCG was much slower than that of 
avirulent bacilli. This fact indicates that a toxic 
substance, which is responsible for the slow 
elimination, exists in virulent tubercle bacilli and 
BCG. While this substance was not removed by 
extraction with ether-alcohol, it was removed by 
chloroform extraction. 

There have been some experiments using iso- 
tope-labeled bacilli. Strém (12) studied the Koch 
phenomenon by injecting P-labeled BCG, and 
observed that, when labeled BCG vaccine was 


injected intracutaneously into tuberculous pa- 
tients or animals, the decrease of radioactivity 
in the injection papule was slower than was the 
case in healthy control patients or animals. Gold 
Leif ps 


labeled organisms to determine the retention and 


berg and (13) emploved aerosols of 
initial distribution of Pasteurella pestis in mice. 
Kajiwara and co-workers (14) reported the dis- 
tribution of the bacilli in bodies of mice after in- 
different ps 


labeled mycobacteria. Gerstl and associates (15) 


halation of aerosols, of sizes, of 
observed the breakdown in vivo of tubercle bacilli 
by host tissue with tubercle bacilli labeled with 
N&. While these experiments were all carried out 
labeled) bacilli, heat-killed labeled 


bacilli were used in the present work in order to 


with living 
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eliminate the turnover of P® due to metabolism 
and bacterial multiplication. 


SUMMARY 
Tubercle bacilli labeled with P*? were obtained 
by culturing them in Sauton medium containing 
Nag P®Q,. heat-killed 
labeled mycobacteria were injected intravenously 
into mice, and the breakdown of these bacilli. in 
vivo was observed by tracing the radioactivity in 


Various strains of 


the whole bodies and livers of mice. 

In the case of the avian strains Takeo and 
(avirulent), and the avirulent 
strain H37Ra, the rate of elimination of P® from 
whole bodies and livers was fast; in the case of 
the virulent strains H37Rv and Miwa and the 
attenuated strain BCG, the rate of elimination 
H37Rv and 


Jucho human 


was slow. The difference between 
Miwa and BCG was slight. 

When the bacilli were extracted with ether- 
aleohol (1:1) according to Anderson’s method 
and injected into mice, the results remained es- 
sentially unchanged, although the differences be- 
tween virulent and avirulent strains were smaller 
than with unextracted killed bacilli. 

When the bacilli were extracted with ether- 
alcohol followed by chloroform according to 
Anderson’s method and then used for injection, 
the climination rate of P® from whole bodies and 
livers was almost the same for all strains of myco- 
bacteria. 

The calculated half-diminution time of P® of 
virulent bacilli in vivo was three to five times 
longer than that of defatted and avirulent bacilli. 
This fact seems to show that virulent bacilli are 
more resistant to the in vivo destruction and 
elimination mechanism than the avirulent strain 
and that the chloroform-soluble lipid fraction 


plays an important role in this mechanism. 


SUMARIO 


Bac ilos 


ps 


Estudios de la Virulencia de los 


Tule re ulosos Usando Bac ilos 


Rotulados 


Se obtuvieron bacilos tuberculosos rotulados 
P*? cultivandolos en medio de Sauton que contenia 


NasP*0),. Se 


ratones varias cepas de microbacterias matadas 


invecturon intravenosamente en 
al calor y rotuladas P*, observandose la desinte 
gracion in vivo de estos bacilos mediante el eseru 
tinio de la radioactividad en los cuerpos integros 
y los higados de los ratones. 
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En lo relativo a la cepa aviaria Takeo y Jucho 


avirulenta) vy a la humana avirulenta 


H37Ra, la velocidad de la eliminacién del P® de 


cepa 


los cuerpos integros y los higados fué alta, vy en lo 
relativo a la cepa virulenta H37Rv y la Miwa y 
la cepa atenuada BCG, la velocidad fué escasa. 
La diferencia entre La H37Rv y la Miwa y el 
BCG fué poca. 

Cuando se extrajeron los bacilos con éter-aleo 
hol 
inyectaron en 
cieron substancialmente inalterados, aunque las 


(1:1) conforme a la téenica de Anderson y se 
ratones, los resultados permane 
diferencias entre las cepas virulentas y avirulentas 
fueron menores que con los bacilos muertos y sin 
extraer. 

Cuando se extrajeron 
seguido de cloroformo, conforme a la 


los bacilos con éter 
aleohol 
téenica de Anderson, y 


inyeccién, el coeficiente de eliminacién del P* de 


se usaron entonces para 


los cuerpos integros y de los higados fué casi idén- 
tico para todas las cepas de micobacterias. 

El hemitiempo de disminucién caleulado para 
los bacilos virulentos reculados P® fué in vivo de 
tres a cinco veces mds ‘argo que el de los bacilos 
desgrasados y los avirvientos. Este dato parece 
demostrar que los bacilos virulentos son més 
resistentes que la cepa avirulenta al mecanismo 
de destruccién in eliminacién, y que la 


fraccién lipida cloroformo-soluble desempefia un 


vivo Vv 
importante papel en este mecanismo 


ResuM! 


bhacilles 
bacilles 


Recherches sur la virulence des 
tuberculeux Taide de 


marques avec 


Des bacilles tubereuleux marqués avec P® ont 
été obtenus par culture dans le milieu Sauton 
renfermant 
bactéries tuées par la chaleur et marquées avec 


Diverses souches de myco 


P® ont été injectées par voie intraveineuse 4 des 
souris et la désagrégation in vivo de ces bacilles a 
été observée par tragage de la radioactivité dans 
le foie et dans tout lVorganisme de l’animal 

de la 
Jucho (avirulente), et 
humaine H37Ra, la vitesse d’élimination de P® du 
animal était 


Dans le cas souche aviaire, Takeo et 


de la souche avirulente 


foie et du tout entier de 
rapide; dans le cas de la souche virulente H37Rv 
et Miwa et de la souche atténuée BCG, la vitesse 
d’élimination lente. La différence 
H37Rv et Miwa et BCG était minime. 


Quand aprés extraction par l’éther-aleool (1:1), 


corps 


était entre 


suivant la méthode d’Anderson, les _bacilles 


étaient injectés dla souris, les résultats demeu 


raient essentiellement inchangés; toutefois, les 


différences entre les souches virulentes et aviru 


TERAI, 


AND YAMAMURA 


lentes étaient moins marquées qu’avec les bacilles 
non extraits tués. 

Quand les bacilles étaient extraits par 1|’éther 
alcool, puis par le chloroforme, suivant la méthode 
d’Anderson, et utilisés ensuite pour l’injection, la 
vitesse d’élimination du P* a partie du foie et du 
corps tout entier était sensiblement la méme pour 
toutes les souches de mycobactéries. 

La période calculée pour les bacilles virulents 
marqués par P*® in vivo était de 3 4 5 fois plus 
grande que celle des bacilles dégraissés et des 
bacilles avirulents. Ce fait semble démontrer que 
ies bacilles virulents sont plus résistants au 
mécanisme de destruction et d’élimination in vivo 
que la souche avirulente et aussi que la fraction 
lipide soluble dans le chloroforme joue un réle im 
portant dans ce mécanisme. 
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TUBERCULOSIS IN MEDICAL STUDENTS AT THE 
UNIVERSITY OF MARYLAND! 


JAMES R. KARNS 


(Received for publication February 24, 1959) 


INTRODUCTION 


In September, 1934, a tuberculosis control 
started in the Student Health 
Service of the University of Maryland School of 


program Was 


Medicine. The following report discusses the ex- 
perience with the student body for the twenty- 
three-year period toJune, 1957, in regard to trend 
of tuberculin sensitivity and attack rate of clin- 
ical tuberculosis while in medical school. 


MATERIAL AND METHODS 


More than 90 per cent of the students were 
tuberculin tested and all had chest roentgeno- 
grams on entrance to school. Re-testing 
carried out on nonreactors at the beginning of 
each fall term. After 1948 students in the junior 
and senior classes were tested at both the begin- 
ning and the end of the school year, since these 
were years in which there was maximal exposure 
to patients. Those who were reactors on admission 
had chest roentgenograms annually, and con- 
verters had chest films every three months for a 
year from the time of conversion and at yearly 
intervals thereafter. Since 1948 all senior students 
have had chest roentgenograms at the end of 
the school year without regard to their tuberculin 
status. 

Old Tuberculin (OT) was used for testing until 
October, 1944. From that time until the present, 
patch testing (Vollmer) has been used. The tu- 
berculin tests were read by the physician in charge 
of the health service or by a nonmedical assistant 
trained by him. Only two physicians and two 
assistants have been involved during the period 
of the study. A reaction of 5 mm. or more of 
induration or 10 mm. or more of erythema to 
either 0.01 or 1.0 mg. of OT was interpreted as 
positive. Erythema, with or without vesiculation, 
was interpreted as a reaction to the patch test. 
Patch testing shown to be 
method by a comparison study with one class 
which was also tested with first-strength purified 
protein derivative (PPD). Reporting on 609 cases 
of tuberculosis, Long (1) found that 94 per cent of 
the white and 96 per cent of the Negro patients 
reacted to either first-strength OT or PPD. Hence, 
converters should have sufficient allergy to tuber 


was 


was a satisfactory 


Health Service, 
Medicine, 


University 
Baltimore, 


! From the Student 
of Maryland School of 
Maryland. 


culoprotein to react to patch testing, 0.01 mg. of 
OT or of first-strength PPD. Use of the pateh 
may have caused a few students with low degrees 
of allergy to be missed but has kept these sub- 
jects under the more strict surveillance accorded 
the nonreactors. 

The number of students observed each year 
was corrected for students entering by transfer 
and for students who left school by means other 
than graduation. Only students who were observed 
for at least a full year were included in the study 

A program of BCG vaccination was considered 
in 1949 but was not instituted. A few students 
have been vaccinated with this material on their 
own initiative but not in sufficient numbers to 
affect the statistical results of this study. 

The minimal criteria for a diagnosis of pul- 
monary tuberculosis were the finding of a charae 
teristic roentgenogram and a tuberculin reaction 
Usual clinical and laboratory procedures were 
performed on suspected cases, including at least 
three specimens of sputum or gastric washings 
with smear and culture for tubercle bacilli. 

The year used to designate a class refers to 
the year in which that class entered school. 

The accelerated wartime program began in 
June, 1942, involving the third and fourth vears 
of the freshman class of 1940; the second, third, 
and fourth years of the class of 1941; and all 
subsequent years until its end in March, 1946. 


RESULTS 


The percentage of reactors to tuberculin was 
tabulated with the 
academic year 1934-1935. The yearly percentage 


for each class beginning 


of reactors and the number of students tested 
each year are shown in table 1. This complex 


table is simplified in figure 1, which shows the 


percentage of reactors on matriculation and at 
the beginning of the fourth year for each class. 
The yearly rate of conversion has been ap- 


proximately the same except for the class entering 


in January, 1944, while the percentage of reactors 
on admission has diminished steadily over th 
period studied. The class which entered in Janu- 
ary, 1944, had 39.3 per cent reactors on admission, 
16 per cent at the beginning of the second year, 
and «a sharp rise to 80.5 per cent at the beginning 
of the third vear. Part of this increase was the 


result of 13 nonreactors’ leaving school at th 


746 


rr rh 


rey 


| 
| 
| 
t 
I 
| | 
t 
it 
= | 


1 mg. of 
e patch 
degrees 
ese sub 
corded 


ch year | 


transfer 
is other 
bserved 
study 
isidered 
tudents 
yn their 
bers to 


of pul 
charae 
ction 
were 
it least 
ashings 
li. 
fers to 
ol. 
gan in 
h years 
third, 
ind all 
1946. 


jin was 
th the 
entage 
tested 
ymplex 
ws th 
and at 
Class. 


Ch ap- 


itering 


‘actors 
er the 
Janu- 
ission, 
| year, 
inning 
as the 
at the 


TUBERCULOSIS IN MEDICAL STUDENTS 747 


TABLE 1 
PERCENTAGE OF TUBERCULIN REaAcTORS IN UNIVERSITY OF MARYLAND MEDICAL 
Struvents Testep ANNUALLY, 1934-1957 


First Year Second Year Third Year Fourth Year End of Fourth Year 


Entrance Date 


Number Cont Number Number Number Per Nessher Per 
ested Reacto rs Tested Reactors Tested Reactors Tested Reni tors Tested Reactors 

September, 1934 107 65.4 99 73.7 97 79.3 95 81.1 94 84.0 
September, 1935 89 55.0 77 66.2 85 71.7 83 77.1 78 84.6 
September, 1936 90 57.7 85 63.5 90 65.5 89 77.5 | 
September, 1937 88 56.8 84 63.1 95 74.7 89 81.6 85 | 87.1 
September, 1938 92 58.6 79 59.5 85 64.7 81 76.5 81 79.0 
September, 1939 97 48.5 90 54.3 94 54.3 93 58.1 93 69.8 
September, 1940 103 50.5 88 60.2 89 61.8 91 71.4 91 | 74.7 
September, 1941 103 48.5 92 52.1 96 55.2 96 66.6 Not tested 
June, 1942 ; 92 51.1 83 60.2 90 65.5 82 68.3 79 75.9 
April, 1943 . 100 52.0 96 3.1 96 56.3 93 67.7 
January, 1944 94 39.3 87 46.0 82 80.5 2 85.4 
October, 1944.. 94 26.6 85 41.2 80 41.2 75 49.3 75 50.6 
September, 1945 82 37.8 68 39.7 71 46.4 68 52.9 68 | 57.3 
September, 1946 88 34.1 77 48.1 78 52.6 72 58.3 72 | 65.2 
September, 1947 100 38.0 92 41.3 96 17.9 96 53.1 96 56.2 
September, 1948 100 26.0 90 30.0 95 43.2 95 49.4 95 52.6 
September, 1949 101 36.6 93 41.9 95 58.9 95 60.0 
September, 1950 95 21.1 94 25.5 98 23.5 97 23.7 95 35.0 
September, 1951 104 21.1 101 25.7 102 30.4 101 33.5 101 40.6 
September, 1952 103 14.6 102 15.6 99 31.3 99 37.3 99 38.3 
September, 1953 103 17.5 96 19.8 96 23.9 96 34.3 
September, 1954 88 30.6 S4 34.5 79 36.7 76 | 42.1 
September, 1955 96 15.6 93 | 18.2 96 19.8 
September, 1956 93 11.8 96 15.6 
September, 1957 O4 10.6 


end of the second vear for scholastic reasons, but 
the major factor was that 22 students became 
tuberculin reactors. Four nonreactors and 5 re- 
actors transferred from other medical schools to 
this class in its third year. Three crude plateaus 
are seen in the graph of positive reactors on 
entrance (figure 1), each plateau being lower than 
the preceding one. In the first plateau, the per- 


Positive 


centage of reactors among entering freshmen 


ranged between 65.4 and 48.5 per cent during comme or wae 
the period September, 1934, to January, 1944. 10F GRAPH - 
From January, 1944, to September, 1950, the 

percentage of reactors at entrance was 26 to 39.3 23 


CLASS YEAR OF ENTRY 
per cent. The percentage from September, 1950 “di 
Fig. 1. Percentage of positive reactors at the 


to 1957 has been below 21 per cent except for the roused 
beginning of freshman and senior vears. 


class entering in September, 1954, of which 30.6 

per cent were reactors. year in school. The nonreactors at matriculation 
Experience with tuberculous infection as mani- ho had converted when thev returned to school 

fested by conversion of nonreactors is presented for their second year were tabulated as the 

in table 2. number of reactors at the end of the zero- to 
The number of nonreactors who converted each — one-year period. The number of converters for 

year gives the true incidence of infection for each — the second and third years were tabulated at the 
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beginning of their third and fourth years of school. 
Conversion in each of the first three years was on 
the basis of a full year. The seniors who converted 
(shown by the three- to four-year period) did so 
over a nine-month period. During the wartime 
acceleration (June, 1942, to March, 
1946), all classes were tabulated for nine-month 


program 


periods. When less than 90 per cent of any class 
was tested at graduation, it was not included in 
the three- to four-year period. This accounts for 
the lesser number of students for the fourth year. 
The classes were grouped as shown to provide 
larger groups for better statistical evaluation. 
Thus, in the period 1934-1939, zero to one year 
includes all freshman classes during those years. 

There is little difference in “conversion” 
centages for the groups until 1950-1954. The 
percentages in this group are definitely lower for 


per- 


each year in school than in any of the earlier 


TABLE 2 
TuBERcULOUS INFECTION EXPERIENCE OF 
MepicaL Srupvents, UNIVERSITY OF 
MARYLAND, 1934-1954 


Number of 


Period — Nonreactors at Number of Per Cent 
Following Reactors at 
Beginning of Converted 
Admission : End of Period 
Period 
1934-1939 
0-1 216 29 13.4 
1-2 177 17 9.6 
2-3 72 5 19.8 
3-4 136 8.0 
1940-1944 
| 289 35 12.1 
1-2 233 3S 16.3 
2-3 211 15 21.3 
3-4 8.7 
1945-1949 
0-1 275 23 8.3 
1-2 244 iS 15.6 
2-3 216 27 12.4 
14 7.4 
1950-1954 
0-1 375 14 3.7 
1-2 361 25 6.9 
2-3 335 24 7.1 
oe | 202 15 7.4 


R. 


KARNS 


groups, ranging from 3.7 per cent for freshmen to 
7.4 per cent for seniors, and probably should be 
even lower as most of the positive reactors in the 
third and fourth years resulted from testing with 
second-strength PPD. In the first two groups 
(1934-1939 and 1940-1944), the third-year stu- 
dents show a higher rate of conversion. The 1945 
1949 group shows a higher rate for the second 
year, but in the last group there is no significant 
difference in any of the years. The third and 
fourth years would have been expected to show a 
consistently higher rate, due to greater patient 
contact. 


Incidence of Clinical Tuberculosis 


records of students 


health 
revealed that 17 developed 


A survey of the 
1934 to 1957 
tuberculous disease 


from 
while in school. The most 
striking feature of this survey was that 16 of 
these cases were diagnosed from 1934 to January, 
1950, whereas only one case occurred after 1950. 
The student-years involved to June, 1950 were 
5,521, giving a case rate of 2.89 per 1,000 per 
annum. In the seven years since 1950, only one 
case occurred, with 2,689 student-years involved. 
This gives a case rate of 0.37 per 1,000 per annum. 

\ summary of these cases, giving the tuberculin 
status on entry, the date of conversion, date of 
clinical features, is 


diagnosis of disease, and 


given in table 3. 

Case because of the 
development of a tuberculous chancre two months 
after the student assisted at autopsies on tubercu 
lous patients. A pulmonary lesion appeared four 
months after the tuberculoma 
removed. Diagnosis was proved histopathologi 
cally. The tuberculin reaction had been positive 
when the student entered school three years 
earlier and films normal until four 
months after excision of the skin lesion. 

17 is of interest demonstrates 
tubereulin conversion as an aid in 


13 is of special interest 


cutaneous was 


chest were 


Case because it 
the value of 
diagnosis. The student was a nonreactor to tuber 
culin in his sophomore year. In the following 
a psychiatric aide in a 
roent 


summer he worked as 
Veterans Administration hospital. Chest 
genograms taken at this hospital in June and 
September, 1953, were interpreted as normal. On 
returning to school his 
positive and a chest film showed a minimal lesion 


tuberculin reaction was 
in his left apex. The previous roent genograms were 
obtained and the same lesion was found on the 
September film. 


The attack rate according to tuberculin status 


at matriculation is shown in table 4a for the 
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Name and 
Sex 


B.I. 
(M) 


S.M. 


(M) 


(M) 


J.P. 
(M) 


A.D. 
M) 


J.B 
M) 


W.C, 
M) 


TABLE : 


SumMArRyY OF Cases or Active TUBERCULOSIS 


Entrance 
Tuberculin 
est 


1935) Positive 


1936) Negative 


1937| Negative 


1938 Positive 


1938 Positive 


1940| Negative 


1942) Negative 


1943) Negative 


1944) Ne 


rative 


y 


Date of 
Conversion 


October, 
1939 


June, 1940 


May, 1943 


December, 
1944 


May, 1945 


December, 
1945 


Date 
Tuberculosis 
Diagnosed 


October, 
1939 


February, 
1940 


June, 1940 


September, 


1939 


October, 
1941 


November, 


1945 


January, 
1945; 
Chest 
film of 
1942. 
normal 


June, 1945; 
Chest 
film of 
June, 
1943, 
normal 

January, 
1946 
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Case Summary 


Chest films, November, 1935, February and 
December, 1938, showed increased hilar 
shadows with no change during this time. 
After graduation, was intern on TB service 
during summer. At end of this time roent- 
genogram showed bilateral apical infiltra- 
tion, presumably tuberculosis. Sputum 
negative for tubercle bacilli, sedimentation 
rate normal. Entered sanatorium. 

Roentgenogram, February, 1940, showed in- 
creased hilar shadows and small infiltration 
in central portion of left lung. Roent- 
genogram of May, 1940, showed slight 
regression. Roentgenogram of September, 
1940, showed bilateral infiltration with 
cavity. Infectious sputum. Sanatorium. 
Died one year later. 

Roentgenogram, June, 1940. Small infiltra 
tion right upper lobe. Sputum negative for 
tubercle bacilli. Subsequent chest films 
showed satisfactory arrest. Spent summer 
at rest. 

Roentgenogram normal, October, 1938. Chest 
film, September, 1939, showed infiltration 
extending from left hilum to periphery of 
lung at apex. Sputum positive for tubercle 
bacilli. Out of school one year. Treated by 
pneumothorax and phrenicolysis. 

Annual chest films negative 1938 to 1941. 
October, 1941, roentgenogram showed small 
infiltration in right upper lobe. Sputum 
examination and cultures negative for 
tubercle bacilli. Allowed to stay in school. 
Lesion arrested at time of graduation. 

Roentgenogram, 1940, normal. Roentgeno 
gram, November, 1943, showed infiltration 
in the right upper lobe. Sedimentation rate 
17. One sputum specimen positive for 
tubercle bacilli. Treated with bed rest at 
home. Graduated with class. 

Tuberculin negative March, 1944, positive 
in December, 1944. Roentgenogram of 
January, 1945 showed 10 em. area of infil- 
tration in the right upper lobe with cavita- 
tion. Treated in army hospital. Re-entered 
school in October, 1945, and graduated 
June, 1946. 

Apical lesion right upper lobe, pleurisy with 
effusion June, 1945. Hospitalized by army. 
Out of school one vear. Re-entered in April, 
1946, and graduated in 1947 


foentgenogram, January, 1946, infiltration 
left mpex No change on repeated films. 
CGastrie washings negative for tubercle 
bacilli. Allowed to continue in school. 
Sedimentation rate normal. 
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Entrance 
Tuberculin 
Test 


Name and 
ex 


10 | J.L.R. 1944 Positive 


ll J.B. 1944) Negative 
M 


12 | R.W. 1945, Negative 
(M 


13 | J.K.T. (1945) Positive 


(M) 

14; 1945, Negative 
(M) 

15 | G.K. 1946 Negative 
(M) 


16 | M.M 1946 Negative 


17 | E.C. 1950, Negative 
(M) 


TABLE 3—ContTINUED 


Date of 
Conversion 


October, 
1948 


November, 
1947 


August, 
1948 


November, 
1947 


November, 
1949 


November, 
1953 


Date 
Tuberculosis 
Jiagnosed 


January, 
1947 


October, 
1948 


February, 
1949 


1949 


August, 
1948 


March, 
1949 


January, 
1950 


November, 
1953 


Case Summary 


Small infiltration right upper lobe in January, 
1947. Sedimentation rate normal. Serial 
roentgenograms showed no change. Hemop 
tysis September, 1948. Sanatorium treat- 
ment. Sputum and gastric washings nega- 
tive for tubercle bacilli. 

Tuberculin negative March, 1948. Graduated 
in June, 1948. October, 1948 tuberculin 
positive and chest roentgenogram showed 
small area of infiltration in the left upper 
lobe. Subsequent films showed satisfactory 
arrest. 

Roentgenograms normal 1948 through De- 
cember, 1948. February, 1949, early right 
apical lesion. One gastric washing positive 
for tubercle bacilli March, 1949, on culture 
and guinea pig. No fever. Sedimentation 
rates normal. Subsequent films showed 
improvement and resolution. 

Roentgenograms normal until February, 
1949. Assisted at autopsies on tuberculous 
patients in summer of 1948. November 27, 
1948, tuberculous verruca excised from 
hand. Roentgenograms normal, January 
and February, 1949. April, 1949 infiltration 
in left upper lobe. 

Hospital and sanatorium care with arrest. 
Discharged September, 1949. Died in fire 
on Great Lakes steamer. 

Tuberculin negative November, 1947. Test 
not done in 1948. Developed acute exuda- 
tive tuberculosis with cavitation during 
summer of internship, August, 1948. Tho 
racoplasty done with good result but com- 
plicated by homologous serum jaundice. 
Returned to school in 1950 and graduated 
in 1951. 

Roentgenograms normal until March, 1949. 
Two small areas of soft infiltration, right 
first interspace. Subsequent films showed 
regression and fibrosis. Sputum and gastric 
washings negative for tubercle bacilli. No 
time lost from school. 

Out of school 1947-1948 for personal reasons 
Roentgenogram January, 1950, showed soft 
patchy infiltration with fibrosis, 2 em. in 
diameter in the right upper lobe. Sputum 
and gastric washings negative for tubercle 
bacilli. Satisfactory arrest, by subsequent 
films. No time lost due to tuberculosis. 

Roentgenogram, October, 1950, was normal. 
Tuberculin test, negative in October, 1952. 
Worked in V.A. hospital from June to Sep 
tember, 1953. Roentgenogram was normal 
in June, 1953. Roentgenogram, September, 
1953, showed small infiltration with calcifi 
cation in the apex of the left upper lobe 
which was not seen until film was rechecked 
in November, 1953. Tuberculin test was 
positive in November, 1953. Sedimentation 
rate and gastric washings, negative. Treat 
ment with Distrycin® and sodium PAS, 
restricted activity, and continued school 
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TUBERCULOSIS IN 


group of students observed from 1934 to 1957. 
This does not include students who had clinically 
significant tuberculosis on entering school, being 
concerned only with the risk of the students’ de- 
veloping disease after entry. Five of 875 reactors 
developed tuberculosis, an attack rate of 5.71 per 
1,000. The 1,427 nonreactors yielded 12 
an attack rate of 8.4 per 1,000. As 16 of the cases 
occurred from 1934 to 1950 and only one after 
1950, the attack rate for the period of greatest 
incidence of disease is shown in table 4b. Five 
cases occurred in the group of 747 reactors, an 
attack rate of 6.69 per 1,000. Eleven cases oc- 
curred in the group of 873 nonreactors, an attack 
rate of 12.49 per 1,000. Since 1950, 128 reactors 
and 554 nonreactors at entry have been observed, 


cases, 


the one case of tuberculosis occurring in the 
tuberculin-negative group. 

In table 5 the time interval between tuberculin 
conversion and diagnosis is shown for the 12 
which students 
tuberculin negative at entrance. 

In 5 cases the first appearance of tuberculin 


occurred in who were 


Cases 


sensitivity and roentgenographic evidence of 
disease were found simultaneously. Ten students 
presented evidence of disease within six months 
of demonstration of their becoming tuberculin 
reactors. No student had a negative patch test at 
the time tuberculosis was diagnosed. The severity 
of disease in relation to entrance tuberculin 
testing is shown in table 6. 

In the group of students who were nonreactors 


TABLE 4a 
Arrack Rate AccorpING To TUBERCULIN 
Sratus or Ciasses ENTERING, 
1934 To 1957 
Total Number | Number of 


Ss | 
tatus on Attack Rate 


Entry of Students Cases 
Positive 875 5 5.71/1,000 
Negative 1,427 12 8.40/1,000 


TABLE 46 
\rrack Rate AccorpiInG To TUBERCULIN 
SrTatus or CLasseEs ENTERING, 
1934 To 1950 
Total Number Number 


Status on 


Attack Rate 


Entry of Students of Cases 
Positive 747 5 6.69/1,000 
Negative 873 11 12.49/1,000 


MEDICAL STUDENTS 


or 


TABLE 5 
Time InTERVAL IN Montus BETWEEN 
CONVERSION AND ROENTGENOGRAPHIC 
EVIDENCE OF TUBERCULOSIS 


Months 0 1 


7 


Number of cases 5 2 1 1 l 1 1 


TABLE 6 


SEVERITY OF DIsEASE ACCORDING 
ENTRANCE TUBERCULIN 


TO 


Moderately 


Pleurisy | Minimal Advanced 
Negative.... l 10 
Positive 3 


on entrance to medical school, there developed: 
one case of pleurisy with a small apical infiltra- 
tion, 10 cases of minimal pulmonary disease, and 
one case of moderately advanced pulmonary 
tuberculosis. Three cases of minimal and 2 of 
moderately advanced tuberculosis developed in 
the group of students who were reactors to tuber- 
culin when they entered the school. Two of the 
latter group and 9 of the former group (nonre- 
actors on admission) lost no time from school. 
One student who was a tuberculin reactor at 
matriculation lost six weeks at the end of his 
senior year, graduated with his class, and the 
disease became arrested after three months of 
sanatorium care. Two students who were reactors 
and 2 who were nonreactors on entrance lost a 
year of school and one nonreactor entrant lost 
two years. One of the students who developed 
minimal disease after having been a nonreactor 
at matriculation (Case 2) lost no time from school 
but, after two months of internship, had a bi- 
lateral apical infiltration with cavitation, entered 
a sanatorium, and died of tuberculosis a year 
later. This was the only death in the series. 


DIscUSSION 


The percentage of students reacting to tuber- 
culin on entering the University of Maryland 
Medical School has declined from 65.4 per cent 
in 1934 to 10.6 per cent in 1957. This decline has 
taken the form of three crude plateaus (see 
figure 1), the first from September, 1934, to 
January, 1944, with an average of 54 per cent of 
reactors; the second, from January, 1944, to 


=o 


Maryland, 1920-1956. 


September, 1950, with an average of 34 per cent 
of reactors; and the third, from September, 1950, 
to September, 1957, with an average of 18 per 
cent of reactors. Reports from two other schools 
covering approximately the same years as the 
first plateau showed a much lower percentage of 
reactors. In the University of Buffalo Medicai 
School from 1939 to 1946, Sehuck and Aaron (2) 
found that an average of 23.4 per cent of the 
freshman reacted positively to _first- 
strength OT or PPD. They attributed this low 
figure to use of the first-strength PPD and to the 
fact that many of their students came from small 


classes 


cities and rural areas. University of Wisconsin 
freshman students of classes graduating from 
1940 through 1943 were reported by Dickie (3) 
as having an average of 27.4 per cent of reactors 
as freshmen in response to first- and second- 
strength OT. The higher average in the Maryland 
students is in keeping with the high mortality 
rate from tuberculosis in Baltimore during those 
The annual death rates from tuberculosis 
1922 to 1956 is shown in 


figure 22 The decline of these rates is coincident 


years 
for Baltimore from 
with the decline in the number of reactors in the 
student population. 

In the second plateau from January, 1944, to 
September, 1950, the average of tuberculin re- 
actors fell to 34 per cent. All of the classes except 
the freshman class of January, 1944, were tested 
by the patch method. To eliminate the possibility 


? Figure 2 (graph) by courtesy of Matthew L. 
Tavback, Director, Statistical Section, Baltimore 
City Health Department. 
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Fig. 2. Annual death rates from tuberculosis by race per 100,000 population, Baltimore City, 


of false-negatives occurring with patch testing, 
53 students of one class who did not react to the 
patch test were tested with first-strength PPD, 
and only one reacted. 

The further decline in the number of reactors 
in the freshman classes from September, 1950, to 
September, 1957, follows the trend in Navy and 
Marine recruits, aged seventeen to twenty, as re- 
ported by Drolet and Lowell (4). In the six years 
from 1949 to 1954, nearly one million young men, 
white and Negro, from all parts of the United 
States were tuberculin tested. From 1949 to 1952 
reactors ranged between 9 and 11 per cent. In 
1953, there were 5.3 per cent and in 1954, 4.6 per 
cent of reactors. The higher percentages in the 
medical students are presumably due to their 
average age, being four years older than the 
recruits, and to the fact that their pre-medical 
years afforded greater opportunity for contact 
with tuberculosis outside their home environ- 
ment. 

When average percentages of tuberculin. re- 
actors at the time of graduation (or at the be- 
ginning of the senior year if the class was not 
completely tested at graduation) are considered 
according to the previously mentioned plateaus, 
a similar result is seen. Reactors in the years of 
the first plateau increased by an average of 23 
per cent to an average of 77 per cent at gradu- 
ation. Those in the second plateau increased by 
an average of 27 per cent to an average of 61 per 
cent, and the third plateau by an average of 18 
per cent to an average of 36 per cent of reactors 
at graduation. From this it appears that the rate 
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of conversion during four years of school has been 
the same since 1944. 

Starting with the nonreactors in the freshman 
classes and tabulating the year-by-year conver- 
sion is a more accurate index of rate of conversion 
and shows a lower rate in the classes entering in 
the years 1950 to 1954, even though weighted by 
inclusion of several students who had reactions to 
second-strength PPD. No academic year has con- 
sistently shown a greater risk of infection than 
any other. Shuck and Aaron (2) made the same 
observation. A survey of tuberculin reactors in 
University of Chicago students registered in 1955 
was reported by Szent-Gyérgyi (5). It was noted 
that medical students showed a higher percentage 
of conversion than did the whole student popu- 
lation. 

For many years investigators have reported a 
high incidence of tuberculosis in medical students 
as compared with college students and other 
young adults. In 1953, Abruzzi and Hummel (6) 
reviewed the medical literature of the previous 
twenty years with attention to this problem and 
cited reports of incidence of tuberculosis among 
medical students ranging from 1.2 to 12.5 per 
cent, published from 1931 to 1948. By means of 
a survey letter they obtained information from 
sixty-two American schools on the incidence of 
tuberculosis, prevention, and control measures in 
those institutions for the period 1940 to 1950. 
This involved 166,959 student vears and 557 cases 
of tuberculosis, giving a case rate of 3.34 per 
1,000 per annum. Figures for the incidence of 
tuberculosis for a twenty- to twenty-nine-year 
age group of the general population were averaged 
for comparative purposes. This gave an average 
yearly case rate of 1 per 1,000 with a maximal 
yearly case rate conceivably to be expected 
(standard deviation on these figures + 0.4) of 
1.4 per 1,000. Using the same method of calcu- 
lation, the University of Maryland students 
showed a case rate of 2.89 per 1,000 per annum 
up to June, 1950, which is comparable to the 
rate for medical students. Abruzzi and Hummel 
(6) report the very low or zero incidence of 
tuberculosis in a number of schools during recent 
vears after institution of intensified control pro- 
grams, some including the use of BCG vaeci- 
nation. They strongly imply that BCG is largely 
responsible for this great reduction in incidence. 
However, they cite the experience of several 


schools which have enjoyed a low or zero inci- 


dence without BCG. Myers (7) presented a 
strong and comprehensive argument against BCG 
in 1952, and it was strengthened by his report 
with Boynton and Diehl (8) in 1957. The latter 
report states that in the past fourteen years only 
one medical student at the University of Minne- 
sota developed a clinical lesion large enough to 
be detected by roentgenography. This and the 
occurrence of only one case at the University of 
Maryland in the past seven years points to factors 
other than BCG as being responsible for the re- 
duced incidence in a school which had a high 
attack rate prior to 1950. Early diagnosis and 
treatment, improved methods of treatment, and 
management of tuberculosis as a contagious dis- 
ease have brought about this reduction. 

The higher incidence of tuberculous disease 
among the tuberculin converters has been similar 
to the experience of Dickie (3), Daniels and 
associates (9), and other early investigators. How- 
ever, Shipman and Davis (10) found that most 
of their nurses who developed clinical tuberculosis 
during training were tuberculin reactors on en- 
trance. Pollack and Cohen (11), and Israel and 
Long (12) found a similar rate of tuberculosis in 
reactors and nonreactors. A recent study by 
Palmer, Jablon, and Edwards (13) in Navy re- 
cruits showed that the chances of developing 
active tuberculosis today are five times greater 
for initially positive young men than for those 
who were nonreactors. These writers believe that 
these apparently opposite findings are not neces- 
sarily discrepant but result from a reduction in 
incidence of new infection. When tuberculin con- 
version rates were high, large numbers of non- 
reactors developed disease because morbidity 
rates are highest in the first months after conver- 
sion. The reactors had already passed through 
the period of highest morbidity and had probably 
lost the most susceptible members of the group. 
Thus, the number of new cases among the re- 
actors, although they were at risk of endogenous 
as well as exogenous infection, seemed small by 
comparison. When the tuberculin conversion rates 
were low, endogenous reinfection rates in reactors 
seemed high because so few nonreactors were be- 
coming infected. 

No conclusions regarding severity of disease in 
relation to initial tuberculin status can be drawn 
because observation 


from the study 


limited to the school years cannot present an 


present 


accurate history of so chronic a disease as tuber- 
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culosis. The course of a case classed as minimal 
may change greatly after graduation removes the 
student from observation. Also, the number of 
cases is too small to develop any significant im- 
pressions. During the period of observation there 
was no significant difference in severity of disease 
or time lost from school in relation to entrance 
tuberculin. Badger and Ayvazian (14) followed a 
group of 745 nurses for five to fifteen years and 
observed 71 cases of significant tuberculosis. They 
found the same amount of disease appearing in 
those initially nonreactors and reactors and no 
difference in character, course, and prognosis. 


SUMMARY 


\ tuberculosis control program has been in 
operation at the University of Maryland School 
of Medicine since 1934. In this twenty-three-year 
period, 2,302 students have been adequately 
studied while in school. 

During this period the number of students re- 
acting to tuberculin at matriculation and gradu- 
ation has diminished greatly, the lowest number 
of reactors occurring since 1950, indicating less 
risk of 
than in previous years. 


tuberculous infection in medical school 


Seventeen cases of clinically significant tuber- 
culosis have developed in students while in 
school, 16 of them before June, 1950, and only 
one from 1950 to 1957. 

This recent low morbidity has occurred without 
the use of BCG vaccination. It is the result of 
early diagnosis and treatment, improved methods 
of treatment, and management of tuberculosis as 
a contagious disease. 

The patch test was positive in all cases of 
clinically significant tuberculosis at the time of 
diagnosis. 

In a group of 53 students the patch test was 
found to be as accurate as first-strength PPD. 

Medical students still run a greater risk of tu 
berculous infection than other student popula 


tions, and continued vigilance is still necessary. 
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La Tube 


Un plan de lucha antituberculosa ha funcionado 
en Facultad de Medicina de la de 
Maryland desde 1934. En este periodo de veintitrés 


Universidad 
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Durante este periodo, ha disminuido considera 


nimero de_ estudiantes reac 


tuberculina al matricularse y 


blemente el que 


cionan a la gra 
duarse, observandose el nimero minimo de re 
actores desde 1950, lo cual indica menos riesgo de 
infeecién tuberculosa en la escuela de medicina 
que en aos anteriores. 

Han aparecido 17 casos de tuberculosis clinica 
mente importante en los estudiantes mientras 
asistian a la escuela, 16 de ellos antes de junio de 
1950, y solamente uno de 1950 a 1957. 

sta reciente morbidad baja ha tenido lugar sin 
el empleo de la vacunacién con BCG. Ha sido 
efecto del diagnéstico y del tratamiento tempra 
nos, de los mejores métodos de tratamiento y de 
la asistencia de la tuberculosis como enfermedad 
contagiosa. 

La prueba del parche result6 positiva en todos 
los casos de tuberculosis clinicamente importante 
al hacerse el diagnéstico. 

En un grupo de 53 estudiantes, la prueba del 
parche se mostré tan exacta como el DPP a su 
primera dilucién. 

Los estudiantes de medicina todavia corren un 
peligro mayor de infeccién tuberculosa que otros 
grupos de estudiantes y la vigilancia continua es 


todavia necesaria. 


RESUME 


La tuberculose chez les étudiants en médecine a 
UV’ Université de Maryland 


Une campagne antituberculeuse est en cours 4 
l’Eeole de Médecine de l'Université de Maryland 
depuis 1934. Au cours de ces 23 ans, 2302 étudiants 
ont fait objet d’études adéquates pendant leur 
séjour 4 l’Keole. 

Durant cette période, le nombre des étudiants 
réagissant 4 la tuberculine au moment de |’imma- 
de la a diminué 


le nombre de sujets A réaction 


triculation et sortie de l’Ecole 
considérablement 
positive le plus bas a été obtenu A partir de 1950, 


indiquant un moindre risque de l’infection tuber 


culeuse 4 l’Ecole de Médecine qu’au cours des 
années précédentes 
Dix-sept cas de tuberculose avee signes cli 


niques significatifs se sont développés chez des 
étudiants pendant leur séjour A l’Eeole, 16 d’entre 
eux avant le mois de juin 1950 et le seulement entre 
1950 et 1957 

Cette morbidité réduite récente manifestée 
sans fair usage de la vaccination par le BCG; elle 
est le résultat d’un diagnostic et d’un traitement 
précoces, de méthodes de traitement améliorées et 
du traitement de la tuberculose comme une mala 
die contagicuse. 


Le test du timbre tuberculinique était positif 
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dans tous les cas de tuberculose clinique apparente 
au moment du diagnostic. 

Parmi un groupe de 53 étudiants le test du tim- 
bre a été trouvé aussi précis que le test au PPD a 
la premitre dilution. 

Le risque d’infection tuberculeuse demeure 
toujours plus grand chez les étudiants en médecine 
que parmi les autres groupes d’étudiants et une 
vigilance continue est toujours nécessaire. 
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INTRODUCTION 


While the necessity for giving chemotherapy in 
miliary tuberculosis and tuberculous meningitis 
is unquestionable, and a strong case can be made 
for its use in uncomplicated primary tuberculosis 
in childhood in order to prevent hematogenous 
spread, general experience has been that chemo- 
therapy usually fails to modify the primary com- 
plex, judging roentgenographically. The British 
Medical Research Council (1) found 
primary complex with caseous pulmonary and 


an active 


lymph node lesions in 38 of 51 necropsies in 
children who died from tuberculous meningitis. 
These lesions showed no evidence of having been 
affected by streptomycin treatment that had 
been administered even over long periods. In some 
of these cases it is possible that the emergence of 
streptomycin-resistant tubercle bacilli was a 
factor, but the relative ineffectiveness of chemo- 
therapy on the caseous component of a tuber- 
culous lesion has now become well established. 
Lorber (2) was unable to see any roentgenographi- 
cally demonstrable effects of streptomycin on the 
primary complex in 20 children with miliary 
tuberculosis and 2 children with tracheobronchial] 
tuberculosis. Bentley, Grzybowski, and Benjamin 
(3) expressed disappointment in the immediate 
results of chemotherapy on the roentgenographic 
progress of primary pulmonary lesions, which 
appeared to resolve just as slowly as in the un- 
treated cases; nor was the progressive contraction 
which commonly develops in segmental lesions 
prevented. Todd was unable to show any signifi- 
cant roentgenographie changes in primary com 
plexes treated with para-aminosalicyleic acid (4) 
or with isoniazid (5); and Lincoln (6) considered 
that chemotherapy had no obvious effect on the 
resolution of primary tuberculosis. On the other 
hand, Miller (7) included among his indications 
complex 


for antimicrobial therapy a primary 


associated with acute febrile illness and rupture 
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into a bronchus of tuberculous hilar lymph nodes. 
Moreover, Myers (8) claimed prompt relief from 
chemotherapy when bronchoscopy showed bron- 
chial obstruction from pressure of enlarged hilar 
lymph nodes or when ulcerative lesions were seen 
in the bronchial tree. 

Wallgren (9) showed that the mortality from 
tuberculosis fell from 35.9 per cent in infants 
less than one year of age to 4.4 per cent in those 
from three to seven years, and recommended (10) 
streptomycin for tuberculous infants during the 
first three months of their infection because this 
was the most dangerous period for dissemination. 
Debré (11) advocated streptomycin and_para- 
aminosalicyclic acid (PAS) for all patients less 
than two years of age because of the difficulties in 
early detection of general dissemination and its 
bad prognosis. Hall (12) considered that strepto- 
mycin should be given to all patients less than 
one year of age or in cases of active endobronchial 
disease. 
evidence, therefore, 
that antituberculous 
chemotherapy does not hasten the resolution of 


The general weight of 


seems to favor the view 
the primary complex as viewed roentgenographi- 
cally, but that there is a strong case for giving 
chemotherapy to all infected patients less than 
two years of age. The case is likewise considered 
strong for giving chemotherapy to older children 
when recently infected (Bentley (13)) in order to 
prevent hematogenous spread. Implicit in this 
concept is the assumption that the primary com- 
plex, if not obviously benefited by chemotherapy, 
is at least not affected adversely to a significant 
degree. If, however, antimicrobial drugs were 
shown to have a detrimental action on the pri- 
mary complex, this action and its consequences 
would have to be balanced against the known 
advantages of chemotherapy in uncomplicated 
cases In a particular age group before deciding 
whether or not to give antituberculous drugs. 

In recent vears the question has arisen whether 
there might not be adverse effects, particularly 
in the Plettenberg (14). re- 


case of isoniazid. 
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SEGMENTAL 


ported 29 cases of lobar atelectasis among 182 
children treated with isoniazid and one of the 
other antituberculous drugs, although he did not 
specify how many of the 182 had hilar lymph 
node enlargement. Four of the 29 died after 
bronchoscopy, at which caseous material was re- 
moved. Plettenberg suggested that treatment 
with isoniazid tends to precipitate rupture of en- 
larged tuberculous hilar lymph nodes into the 
bronchi, and that in treated cases lobar atelectasis 
takes longer to resolve than ‘n those untreated. 
Choremis and associates (15) reported transient 
fever and increased pulmonary shadowing in a 
large proportion of primary complex cases about 
three weeks after treatment with isoniazid was 
started. Bentley (13) reported that, among 11 
children less than two years of age recently ad- 
mitted to High Wood with enlarged mediastinal 
lymph nodes only, segmental lesions developed in 
5 of 9 who were given isoniazid and PAS, but in 
neither of the 2 untreated cases. On the other 
hand, Ryder (16) observed that only 4 segmental 
lesions developed among 50 Eskimo, Indian, and 
white children with uncomplicated mediastinal 
lymph node enlargement who were treated with 
antituberculous drugs. Ryder concluded that 
there is no obvious increase in the natural fre- 
quency of segmental lesions as the result of 
chemotherapy. 

The present work was undertaken in order to 
study this problem further by comparing the 
incidence of segmental lesions which developed in 
children admitted to High Wood with the initial 
classification of simple primary pulmonary 
tuberculosis (enlarged hilar lymph nodes only or 
a simple primary complex) and treated with 
chemotherapy with those which occurred in a 


similar group not so treated. 


MATERIAL 


The investigation was confined to those chil 
dren less than five years of age on admission who 
were discharged from High Wood between Jan- 
uary, 1952, and July, 1957. The case notes and 
roentgenograms were studied, and in the great 
majority it has been possible (through the courtesy 
of the chest physicians concerned) to follow the 
subsequent clinical course and roentgenographie 
appearances up to the present. 

For the period mentioned, 120 children who 
were cutaneous reactors to tuberculin and who 
were less than five years of age were recorded as 
showing on admission either enlarged hilar lymph 
a primary complex, i.e., simple 
Thirteen of 


nodes only or 


primary pulmonary tuberculosis. 


LESIONS IN PRIMARY 


TUBERCULOSIS 757 
these (2 females less than two years of age and 5 
males and 6 females between the ages of two and 
five years) were excluded from the investigation 
for the following reasons: In 8 cases there was 
either the certainty or strong suspicion of seg 
mental lesions’ having occurred at some time be- 
fore admission. In 4 cases the hilar nodes were 
found to be already calcified on admission. In 
one case the history of tuberculosis went back as 
long as two years before admission. 


OBSERVATIONS 
Incidence of Segmental Lesions 


The remaining 107 cases comprised 59 males 
and 48 females, among whom 26 patients (14 
males and 12 females) developed segmental 
lesions—an over-all incidence of 24 per cent. The 
distribution by age and sex of the patients is 
shown in table 1. There was a greater incidence 
of segmental lesions in children less than two 
years old (34 per cent) than in the two- to five- 
year-old group (20 per cent), although the differ- 
ence is not statistically significant. 

Among the 107 patients, the hilar lymph node 
enlargement was on the right side in 50, on the 
left in 49, and bilateral in 8 patients. The dis- 
tribution of segmental lesions is shown in table 2. 
There was a history of close contact with a case 
of active pulmonary tuberculosis in 83 of the 107 
patients, i. e., 78 per cent. The contact was the 
mother of the patient in 37; the father in 32 (both 
parents in 2 cases); and other associates in 14 
instances. Home conditions were recorded as bad 
in 31 cases. It was possible to determine the date 
of infection fairly accurately in 18 patients from 
either the occurrence of erythema nodosum or a 
history of the development of tuberculin hyper- 
sensitivity (Mantoux) between two known dates 


TABLE 1 
Tota. INcIDENCE OF SEGMENTAL LESIONS 
IN 107 CHILDREN ADMITTED WITH 
SimpLe Primary PULMONARY 
TUBERCULOSIS 


0-2 Years 2-5 Years 


Number Number 


Total Developing, Total Developing 
Patients Segmental Patients Segmental 
Lesions Lesions 
Male 15 5 14 9 
Female 17 6 31 6 
Total 32 1] 75 15 


— 
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TABLE 2 
ANATOMIC DISTRIBUTION OF SEGMENTAL 


LESIONS 
Right Lung Left Lung 
Upper lobe 8 Upper lobe 9 
Middle lobe 10 Lower lobe 5 
Lower lobe 4 


More than 1 lobe involved in 5 cases. 


TABLE 3 
COMPARABILITY OF TREATED AND 
UNTREATED GROUPS 


Treated Untreated 


Num-| Per | Num- Per 
ber Cent | ber Cent 


Number of cases 41 | 100 50 | 100 
Male 23; 56; 29) 58 
Female 18 44, 21 42 

Enlarged hilar lymph 

nodes only 25) 61 30 | 60 

Primary complex 16| 39; 20; 40 

Tuberculin sensitivity 
Positive to 0.1 TU 10 24 18 36 
Positive to 1TU 56 | 30) 60 
Positive to 10 TU 8 | 20 2 4 

WU. tuberculosis demon- 

strated 8 20 4 8 

Gross hilar lymph node 

enlargement* 4 10 6 12 


Close contact with active 

pulmonary tuberculo- 

sis 33 8O 37 74 
Bad home conditions 17 41 14 28 
Mean age on admission 2.3 years) 3.0 years 


*Gross lymph node enlargement: diameter 
from cardiac border greater than distance be- 
tween upper border of seventh rib and lower 
border of eighth rib posteriorly 


not more than four months apart. For these 18 
patients the mean duration from infection to 
hospital admission was 17 weeks (range 8-40 
weeks). Among them were 5 children who subse- 
quently developed segmental lesions and for 
these the duration from infection to segmental 
lesion was respectively 32, 52, 19, 17, and 22 
weeks. The mean was 28.4 weeks or, excluding 
the 52-week case (which is clearly an unusual oc- 
currence) the mean was 22.5 weeks. 


In comparing the incidence of segmental 
lesions among treated and untreated patients, a 
difficulty arises because 12 children were given 


one month’s treatment with isoniazid alone as 


part of a clinical trial. Because of the brevity of 
such a course, it seems advisable to consider this 
group separately. Four other patients must be 
withdrawn for reasons which will be mentioned 
later. Ninety-one patients remain, 50 of whom 
were untreated; 41 were treated with antituber- 
culous chemotherapy. 

The comparability of the two groups is shown 
in table 3. In the treated group the mean age on 
admission was younger; the tuberculin sensi- 
tivity rather lower; tubercle bacilli (from sputum, 
laryngeal swab, gastric lavage, or bronchoscopic 
trap specimen) were recovered in a higher propor- 
tion of cases; and the incidence of bad home con- 
ditions was somewhat greater than in the un- 
treated group. Nevertheless, the two groups are 
on the whole comparable except for the fact that 
the indications for the use of chemotherapy be- 
came progressively broader with the passage of 
time. Consequently, it may be seen in table 4 
that, while 11 of the treated group were dis- 
charged between 1952 and 1954, and 30 between 
1954 and 1957, the corresponding figures for the 
untreated group are respectively 38 and 12. In 
other words, there has been a greater tendency in 
recent than in former years to give chemotherapy 
to patients with uncomplicated primary disease. 

The drugs used in the 41 patients comprising 
the treated group were isoniazid and PAS in 26; 
isoniazid and streptomycin in 4; isoniazid, PAS, 
and streptomycin in 2; streptomycin and PAS in 
8;and PAS alone in one. In several cases p-amino- 
salicylic salt of isoniazid (Dipasic®) was also 
given, but only after an adequate course of one 
of the above-named regimens. This drug is no 
longer used at High Wood. The dosages employed 
for the various drugs depended on the child’s 


weight and age, and the range for isoniazid was 


TABLE 4 
YEAR OF DiscHarRGE FROM HiGH Woop or 
TREATED AND UNTREATED GROUPS 


Number of Untreated 
Patients Discharged 


Number of Treated 
Patients Discharged 


1952 6 10 
1953 3 12 
1954 2 16 
1955 11 9 
1956 7 3 
1957 (to July) 12 

Total 4] 50 
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SEGMENTAL LESIONS IN PRIMARY TUBERCULOSIS 


TABLE 5 
INCIDENCE OF SEGMENTAL LESIONS IN 91 
CHILDREN ADMITTED WITH SIMPLE 
PRIMARY PULMONARY 
TUBERCULOSIS 


Treated Untreated 
Number of patients 41 50 
Number developing seg- 
mental lesions 10 10 
Whole lobe affected 7 5 
Less than a lobe af- 
fected 3 5 
Mean time after admis- 
sion segmental le- 
sions developed 13.3 20.7 
weeks weeks 
Range 7-30 S40 


50 to 150 mg., for PAS 3 to 8 gm., and for strep- 
tomycin, 0.25 to 1 gm. daily. 

The incidence of segmental lesions in the two 
groups may be seen in table 5. Among both the 
treated and the untreated groups, 10 segmental 
lesions developed, those in the former group tend- 
ing to occur earlier than in the latter; but the 
difference is not statistically significant. The date 
of infection could be estimated accurately in 3 


cases. These were as follows: 


A 2-year-old girl treated with isoniazid and 
PAS developed collapse-consolidation of the 
left upper lobe approximately nineteen weeks after 
tuberculous infection. 

A 4-year-old boy, not given chemotherapy, 
developed a lesion in the apical segment of the left 
lower lobe and the apicoposterior segment of the 
left upper lobe approximately thirty-two weeks 
after tuberculous infection. A 2-year-old girl not 
given chemotherapy, developed  collapse-con 
solidation of the whole left upper lobe one year 
after tuberculous infection. This was the longest 
interval between infection and segmental lesion 
in the whole series. The lesion was undoubtedly 
tuberculous, for tuberculous granulation tissue 
was aspirated from the obstructed bronchus at 


bronchoscopy. 


In 8 of the 10 treated patients, the lesion de- 
veloped while the patient was still receiving 
chemotherapy. In the remaining 2 patients, the 
lesion occurred respectively six weeks after stop- 
ping streptomycin—PAS, and seven weeks after 
stopping isoniazid—PAS. 

The distribution of the segmental lesions by age 
and sex may be seen in table 6. There is clearly no 
difference in distribution between sexes, but a 
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higher proportion of treated than untreated pa- 
tients less than 2 years of age developed seg- 
mental lesions, while the reverse is true for the 
2- to 5-year-old groups. These differences are not 
significant. 

The 9 patients who, although given chemo- 
therapy, did not receive isoniazid are included in 
table 6. As isoniazid is the drug primarily under 
suspicion of increasing the tendency to segmental 
lesions, the incidence of lesions in untreated cases 
is compared in table 7 with that of those receiving 
isoniazid along with either of the other two drugs. 
Seven of 16 children less than two years of age 
who isoniazid segmental 
lesions compared with 2 of 10 untreated. This 


received developed 
difference again is not statistically significant, 
nor is the difference for the 2- to 5-year-old 
group. 

As previously noted, 12 patients were given one 
month’s treatment with isoniazid alone. Two of 
these (both females) were less than two years of 
age, and one developed a segmental lesion. Of the 
remaining 10 patients between two and five 


TABLE 6 
AGE AND Sex DIstTrRIBUTION 


0-2 Years 2-5 Years 
Untreated | Treated (Untreated | Treated 
Male 5 (1) 9 (3) | 24 (6) | 14 (2) 
Female 5 (1) | 10 (4) | 16 (2) 8 (1) 


Total 10 (2) | 19 (7) | 40 (8) | 22 (3) 
Figures in brackets indicate those patients 
who developed segmental lesions. 


TABLE 7 
CoMPARATIVE INCIDENCE OF SEGMENTAL 
Lesions IN 50 UNTREATED PATIENTS 
AND IN 32 PaTrents TREATED 
[sonrazip Pius 
ANOTHER DruUG 


0-2 Years 2-5 Years 


Untreated | Treated (Untreated Treated 

Male 5 (1) 7 (3) | 24 6 9 (1) 
Female 5 (1) 8 (4) | 16 (2) 7 (1) 
Total 10 (2) | 16 (7) | 40 (S 16 (2) 


Figures in brackets indicate those patients 


who developed segmental lesions. 
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years of age (6 male and 4 female), one male and 
one female child developed segmental lesions. 
Whether these 12 patients were regarded as 
“treated,” or classified as “untreated,” and added 
to the appropriate columns in table 7, the differ- 
ence in incidence of segmental lesions as between 
the children treated with isoniazid and those un 
treated would still not attain statistical signifi- 
eance. Mention was made earlier of 4 additional 
cases among the 107 which were excluded for 
purposes of comparison between the treated and 
untreated groups. They were the following: 


\ boy aged one year and nine months with gross 
paratracheal lymph node enlargement developed 
the right upper 
three days after beginning treatment with 100 mg 
of isoniazid and 6 gm. of PAS daily. 

A girl aged two years and four months developed 
erythema nodosum on March 5, 1953, and was 
found to have gross right hilar lymph node en- 
largement. She was given 0.75 gm. of streptomycin 
and 4 gm. of PAS daily at another hospital from 
March 10 to 24, and had no further treatment. 
Shortly afterward she was transferred to High 
Wood and on May 21, i.e., about seventeen weeks 
after the estimated date of infection, developed 
the right middle and 


collapse-consolidation of lobe 


collapse—consolidation of 
lower lobes. 

A symptomless girl aged three years and four 
months was found on routine roentgenography, as 
of her father, to have bilateral hilar 
lymph node enlargement, and there was also a 
suspicion of fine miliary shadowing. Five days 
after starting treatment with 0.5 gm. of strepto 
mycin and 6 gm. of PAS daily, she developed col 
lapse-consolidation of the anterior segment of 
the left upper lobe 

A girl aged four years and three months with 
lethargy and loss of weight was found to have 
left hilar lymph node enlargement. She was given 
the small dose of PAS, 3 gm. daily for three weeks, 
at another hospital, and was later transferred to 
High Wood, where she remained for five months 
more. No segmental lesion developed. 


a contact 


Although it may appear unlikely that treat- 
ment could be held responsible for the develop- 
ment of segmental lesions in the first 3 patients, 
none of the 4 can logically be assigned to either 
“treated” or “untreated” groups. 


Total Duration of Observation 


Among the 107 cases, the total duration of 
observation was less than six months in only one. 
For the 50 children in the untreated group the 
mean duration of observation was 3.4 vears, as 
against 2.4 years for the 41 in the treated group; 
the difference the reflects the 


between means 
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greater tendency to give chemotherapy in recent 
years. The total period of observation was less 
than one vear for only 3 among the 50 untreated 
patients, and also for 3 among the 41 who re- 
ceived chemotherapy. As noted below, the mean 
interval between the hospital admission and de- 
velopment of segmental lesions for all cases com- 
Therefore, the 
majority of patients were observed for more than 


bined was 15.5 weeks. since 
a year, it seems unlikely that any significant num- 


ber of late segmental lesions can have been 


missed. 


Time Interval from Infection to Segmental Lesion 


A few remaining points are of some interest. 
The mean interval between hospital admission 
and development of segmental lesions for all pa- 
tients combined was 15.5 weeks (range one to 48 
weeks). It has been mentioned previously that, 
for 18 patients in whom it was possible-to esti- 
mate accurately the date of infection, the mean 
interval from infection to admission was 17 weeks 
(range 8 to 40 weeks). It is clearly not legitimate 
to add together these estimates for mean interval 
from infection to admission and admission to de 
velopment of a segmental lesion, since only 5 pa- 
tients belong to both groups. Nevertheless, the 
data do suggest that in the present series the 
mean interval from infection to development of a 
segmental lesion was probably much nearer 6 
than 3 months. 


Consecutive Segmental Lesions 


In 3 cases a second segmental lesion followed 
the first after a considerable interval. 


A girl aged twenty-three months on admission 
was found to have a symptomless right-sided pri- 
mary complex on a routine roentgenogram ob- 
tained because her mother was tuberculous. The 
child was treated for twenty-one weeks with 4 gm. 
of PAS and 150 mg. of isoniazid daily, and was 
then discharged home. Seven weeks later, i.e., 
twenty-eight weeks after beginning treatment, 
she developed collapse-consolidation in the 
right middle lobe which cleared within six weeks. 
Subsequently, forty-seven weeks after the begin- 
ning of treatment, she developed a similar lesion 
in the anterior segment of the right upper lobe. 

A boy aged two years and four months, exam- 
ined as a symptomless contact of his mother, was 
found to have right hilar lymph node enlargement. 
He received no chemotherapy, and two months 
after admission (but five months after the hilar 
lymph node enlargement had first been noted 
the right 


developed collapse-consolidation of 
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SEGMENTAL LESIONS IN 
upper lobe and medial segment of the middle lobe. 
fesolution occurred in two months, but one 
vear after the date of admission collapse—con- 
solidation of the whole right middle lobe devel- 
oped, and at bronchoscopy the lumen of the middle 
lobe bronchus was found to be occluded by granu- 
lation tissue which removed. Re-aeration 
with considerable shrinkage quickly followed. 

\ 4-year-old girl, a symptomless contact of a 
tuberculous mother, was found to have a left 
primary complex. The child was given one month’s 
treatment with isoniazid alone. Thirteen weeks 
after diagnosis and immediately after finishing 
isoniazid treatment for a month, collapse-con- 
solidation of the apicoposterior segment of the 
left upper lobe developed, considerable re-aera- 
tion occurring within two months. Thirty-one 
weeks after the first abnormal roentgenogram, a 
similar lesion occurred in the anterior basic seg- 
ment of the left lower lobe, and this re-aerated 
with some shrinkage within six weeks. 


was 


Other Findings 


Symptoms at the onset of a segmental lesion 
were few. Fever of 100° to 102°F. for a day or 
two or lassitude occurred in only 2 of the 10 
treated patients and in 5 of the 10 who received 
no treatment. Otherwise, the development of a 
segmental lesion was quite symptomless. Bron- 
choscopy was carried out at the time of develop- 
ment of the lesion in 5 treated and 4 untreated 
patients. In 2 of the treated patients, stenosis 
and edema were reported, and in the remaining 
7 there was evidence of rupture of the lymph 
node into the brenchus. Among 13 patients (5 
males and 8 females) in which gross lymph node 
enlargement was present, segmental lesions de- 
veloped in 6. 

Transient obstructive emphysema occurred in 
3 treated patients, all less than eighteen months 
old, and 2 of these developed segmental lesions. 
One untreated girl, aged two years, developed 
obstructive emphysema of the whole left lung 
sixteen weeks after a left-sided primary focus was 
discovered, At bronchoscopy granulation tissue 
obstructing the left main bronchus was removed. 
The patient was observed for three years more, 
and no segmental lesion developed. Although this 
girl’s case clearly could not be included among 
the segmental lesions, it is obviously only a matter 
ol very slight difference in degree so far as the 
pathology was concerned. 

Two untreated boys, aged respectively three 
and four years, developed pleural reactions after 
In the first case the reaction 


segmental lesions. 


was slight and developed seven weeks after the 
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segmental lesion, while in the seeond a large 
pleural effusion accumulated fifteen months after 


a segmental lesion. 


Discussion 


The total incidence of segmental lesions (24 
per cent) among the 107 cases of primary tuber- 
culosis seems high, and comparison with other 
series is difficult. MacPherson and Lutwyche (17) 
found segmental lesions in only 39 (4.7 per cent) 
of 821 tuberculin-positive children attending a 
tuberculosis contact clinic. There was a direct 
correlation with age, however, for the incidence 
was 9.9 per cent for children less than four vears 
of age, 5.9 per cent at four to eight years and 2.9 
per cent at eight to twelve years. Clearly, not 
every child reacting to tuberculin would be found 
to have abnormal pulmonary shadows and, there- 
fore, MacPherson and Lutwyche’s figures of 9.9 
per cent for children less than four years old may 
correlate reasonably well with that of 24 per cent 
in the present series. Thompson (18) reported 28 
segmental (4.3 cent) 
children reacting to tuberculin, an almost identi- 
cal figure to that of MacPherson and Lutwyche. 
There were 100 active primary pulmonary lesions 
among the 655; therefore, the segmental lesions 


lesions per among 655 


accounted for 28 per cent of unselected active 
primary patients with visible lesions. Obviously, 
however, this figure is not comparable with the 
incidence in the present series. 

Bentley and associates (3) found that, among 
317 patients admitted with uncomplicated pri- 
mary pulmonary tuberculosis, 19 developed seg- 
mental lesions, an incidence of 6 per cent. How- 
ever, the mean age was just over 6 years com- 


pared with 2.7 years in the present series, and, as 
reported by MacPherson and Lutwyche, the inci- 
dence is much greater in young children. More- 
over, the mean duration of illness before admis- 
sion in that series of 317 cases was more than 3 
months, whereas in the great majority of the 
present series the delay between diagnosis and 
admission was negligible. Since, in the present 
series, the mean interval from admission to de- 
velopment of the 


weeks, it is probable that a significant proportion 


segmental lesion was 15.5 
of children in the series of Bentley and his associ- 
ates developed segmental complications before 
admission. Taking these factors into account, 
there is again probably no great discrepancy be- 


tween the figures of the Bentley series and thos« 
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of the present series. There was no difference with 
respect to sex in the incidence of segmental 


lesions in the present series, and the anatomic 


distribution corresponded with that of other 


series (MacPherson and Lutwyche (17), Bentley, 
Graybowski, and Benjamin (3)). 

In trving to assess the effect of chemotherapy 
on the incidence of segmental lesions, there are 
unfortunately too few cases to allow anything 
other than tentative conclusions to be deduced. 
\ higher proportion of children less than two 
years of age treated with any combination of 
drugs, but especially if one drug was isoniazid, 
developed segmental lesions than did untreated 
children. This may represent a real trend, but in 
the present series it can be explained equally well 
on the basis of chance. Between the ages of two 
and five years it can be stated with some con- 
fidence that there is no evidence of any such ad- 
verse effect of chemotherapy; indeed the figures 
show rather the reverse. But again, the difference 
ean be explained perfectly well by chance vari- 
ations. With the steadily falling incidence of 
childhood Great Britain, it 
will clearly be difficult to collect a sufficiently 
large series of comparable cases to obtain a de- 


tuberculosis in 


cisive answer to the problem. On the other hand, 
it should be possible to collect a sufficiently large 
series of cases in other parts of the world, such as 
Asia. The organization of such an investigation 
would be by no means easy. In the light of present 
knowledge, there would seem to be little justifi- 
cation for withholding chemotherapy deliberately 
from children less than two years of age. Never- 
theless there may be a sufficiently large number of 
well-documented cases in which drug treatment 
has not been administered even today to enable 
a clear answer to be obtained from a comparison 
with cases of patients now being treated. 

Finally, the question must be faced of whether 
the possibility of chemotherapy provoking a 
greater incidence of segmental lesions in children 
less than two years of age is a sufficient reason 
for abandoning its use. Recently, an investigation 
the U.S. Public Health Service 
(19) into the prophylactic value of isoniazid in 
infected 


shown that 80 per cent of hematogenous com- 


carried out by 


small children with tuberculosis has 


plications can be prevented. Even if it were 
proved that chemotherapy resulted in a higher 
incidence of bronchiectatic segments or lobes, the 


high degree of protection it gives from such serious 


AND 


BENTLEY 


complications as miliary tuberculosis, tuberculous 
meningitis, renal and bone disease fully justifies 
its use in all recently infected children. In the case 
of children infected in the first year or two of life, 
chemotherapy should be considered imperative. 


SUMMARY 


Among 107 consecutive unselected cases of 
simple primary pulmonary tuberculosis in pa- 
tients less than five vears of age on admission to 
High Wood Hospital for Children, who were dis- 
charged between January, 1952, and July, 1957, 
26 (24 per cent) developed segmental lesions. For 
reasons discussed in the paper, 6 of these 26 
children are excluded from the main analysis; 
another case occurred in a child given chemo- 
therapy which did not include isoniazid. Con- 
sidering only those children given isoniazid and 
another drug, 7 of 16 less than two years old (44 
per cent) developed segmental lesions compared 
with 2 of 10 (20 per cent) given no chemotherapy. 
For children between two and five years of 
age, the corresponding figures were two seg- 
mental lesions in 16 treated patients (12.5 per 
cent) and eight segmental lesions in 40 untreated 
patients (20 per cent). The numbers are too small 
for these differences to be statistically significant. 
It is believed that, even if chemotherapy pro- 
duces a higher proportion of segmental lesions in 
children less than two years of age, such a dis- 
advantage is outweighed by the advantage of 
preventing hematogenous spread of the disease 


SUMARIO 


La Incidencia de Lesiones Segmentales en la 
Tuberculosis Primaria de la Infancia, con 
Referencia Particular al Efecto de la 


Quimioterapia 


Kintre 107 casos consecutivos y sin seleecionar 


de tuberculosis pulmonar primaria simple en 
enfermos de menos de cinco afos de edad a su 
ingreso en el Hospital High Wood para Ninos, 
que fueron dados de alta entre enero de 1952 y 
1957, 26 (24 por 


lesiones segmentales. Por 


julio de ciento) manifestaron 
razones expuestas en 
este trabajo, se excluye del andlisis a 6 de estos 26 
nihos; hubo otro caso en un niho que recibid 
quimioterapia, pero sin isoniacida. Considerando 
inicamente a los que recibieron isoniacida y otra 
droga, 7 de 16 nifios de menos de dos anos de edad 
(44 por ciento) manifestaron lesiones segmentales, 
comparado con 2 de 10 (20 por ciento) en los que 


no recibieron quimioterapia. 
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SEGMENTAL LESIONS IN 
Para los nifios de dos a cinco afios de edad, las 
cifras correspondientes fueron dos lesiones seg 
mentales en 16 enfermos tratados (12.5 por ciento) 
y ocho lesiones segmentales en 40 enfermos no 
(20 
demasiado pequefos para conceder a estas dife 
Parece 


tratados por ciento). Los ntimeros son 


rencias importancia estadistica. que, 
aunque la quimioterapia produzea una proporcién 
mayor de lesiones segmentales en los nifios de 
menos de dos afos de edad, esa desventaja queda 
contrapesada por la ventaja de impedir la difusién 


hematégena de la enfermedad. 


RESUME 


L’incidence des lésions segmentaires dans la 
primo-infection tuberculeuse de Venfance 
particuligrement Végard de Veffet de 


la chimiothérapie 


Parmi 107 cas consécutifs, non sélectionnés, de 
tuberculose pulmonaire primitive chez des pa 
tients A4gés de moins de cing ans admis au High 


Wood Hospital for Children, et qui ont quitté 


Vhépital entre janvier 1952 et juillet 1957, 26 
(2497) ont présenté par la suite des lésions seg 
mentaires. Pour les raisons discutées dans cet 


article, 6 de ces 26 enfants sont exclus de l’analyse 
principale; un autre cas de lésion segmentaire 
concernait un enfant soumis a une chimiothérapie 
ne comprenant pas l’isoniazide. En ne considérant 
que ceux des enfants recevant l’isoniazide et un 
autre médicament, 7 sur 16 d’entre eux Agés de 
moins de deux ans (44°) ont présenté des lésions 
segmentaires par coimparaison avec 2 sur 10 (20°7) 
parmi ceux non soumis 2 la chimiothérapie. 
Pour les enfants de deux A cing ans, les chiffres 
correspondants étaient de 2 lésions segmentaires 
(12,5°%), et 8 lésions seg 
20°7.). Ces 


chiffres sont trop faibles pour que ces différences 


sur 16 malades traités 
mentaires sur 40 patients non traités 


aient une signification stastistique. Les auteurs 
estiment que méme si la chimiothérapie entratne 
une proportion plus élevée de lésions segmentaires 
chez Agés deux 
l’avantage de prévenir la dissémination hémato 


les enfants de moins de ans, 


gene de la maladie l’emporte sur cet inconvénient. 
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LUNG STRUCTURE IN THREE DIMENSIONS AFTER INFLATION AND FUME 
FIXATION' 


B. J. 


(Received for publication February 2, 


INTRODUCTION 


The unique lability of the lung, as emphasized 
by Hartroft (1), does not allow it to be cut with- 
out gross distortion. To prevent such distortion 
from interfering with the study of terminal air 
spaces, rather elaborate techniques (2-8) have 
been devised but have not come into common 
usage. A method of formaldehyde fume fixation 
has been devised which provides a simple, prac- 
tical means of studying the normal, as well as 
the abnormal, lung. 

The method finds 
studying a diffuse disease such as emphysema, 


immediate usefulness in 
for it allows the evaluation of the types, distri- 
bution, and natural history of the morphologic 
changes in this disease. One lung may be exam- 
ined by the method described while the opposite 
lung is studied by conventional methods. 

The changes found in diverse types of pul- 
monary disease may be correlated with informa- 
tion gained by clinical, bacteriologic, or physio- 
logic methods of study. Indeed, the morphologic 
findings as seen in three dimensions provide a 
common ground for all disciplines used in study- 
ing pulmonary disease. Moreover, the technique 
is an excellent screening method for determining 
whether pulmonary lesions can be experimentally 


produced. 


Metuops AND MATERIALS 

The basis of the method is to inflate the freshly 
obtained lung with a flow of air and to fix the lung 
with the vapor of formaldehyde present in the air. 
The equipment required consists of a source sup 
plying 5 to 30 liters per minute of air, a ventilated 
hood, a flask or bottle of 1- to 4-liter capacity, 37 
per cent formalin, rubber stoppers, rubber tubing, 
The rubber 


a ring stand, and clamps (figure 1). 


stopper (of a size slightly larger than the main 
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1959) 


stem bronchus) with a glass tube through it, is 
placed into the bronchus. The placement and 
subsequent securing of the stopper are facilitated 
by using three or four lengths of string which 
have been passed through the bronchial wall. An 
alternative method, which may also be used for 
single lobes of lungs, is the insertion of the wide 
end of a glass medicine dropper into the bronchus 
and securing it by a purse-string suture. Closure 
of larger vessels by a continuous suture prevents 
escape of blood as the lung is inflated. 

The flask is partially filled with formalin, and a 
glass tube connecting to the air source is placed 
below the surface of the formalin. Air which has 
bubbled through the formalin leaves by a second 
opening in the top of the flask. Rubber tubing 
connects the outflow from the flask to the stopper 
in the bronchus. The flow of air is slowly begun and 
is increased until the lung expands to a position 
near maximal inspiration. The excess formalde- 
hyde vapor leaves by small leaks on the lung 
surface. 

The formaldehyde vapor is passed through the 
lung for three to five days. This is ample time for 
complete fixation. To deflation and 
shrinkage of the lung, as well as to allow complete 


prevent 


drying, air alone is then passed through the lung 
for an additional seven days. The passing of 
alcohol fumes through the lung results in a speci- 
men more nearly normal in color. 

After fixing, the lung is a rigid, dry, nonfragile 
specimen. It may be held by hand or by special 
devices so that sections 0.5 to 1.0 em. in thickness 
may be obtained by cutting with a thin sharp 
blade. Paraffin 
These sections may be surveyed in their entirety 


impregnation is not required. 
by inspection with proper lighting. A convenient 
means of viewing these whole lung sections is to 
place them upon an X-ray view box. Areas which 
seem abnormal may then be examined by a dis- 
secting microscope, without staining. 

Selected sections of 0.33 to 0.5 mm. in thickness 
are cut by hand with a razor blade. Such sections 
may then be stained by classic staining tech 
niques. To assure uniform contact of the staining 
liquids with all areas of the relatively thick speci 
men, small air bubbles are removed by applying a 
vacuum of 2,500 micro-atmospheres when the sec 


tion is in contact with dyes, aleohol, or xylene. 


inf 


Th 


- 
j 
ad 
SIZ 
TI 
tr: 
ly 
tai 
an 
are 
ste 
= 


IME 


it and 
litated 
which 
all. An 
sed for 
e wide 
onchus 
‘losure 
events 


anda 
placed 
ch has 
second 
tubing 
Lopper 
in and 
sition 
nalde- 
» lung 


th the 
ne for 
and 
nplete 
lung 
ng of 


speci 


ragile 
pecial 
‘kness 
sharp 
tired. 
tirety 
‘nient 
is to 
which 
dis- 


kness 
‘tions 
tech 
ining 
peci 
ing i 
sec 


lene 


FUME 


SESS SS 


FIXATION OF 


LUNG 


Fic. 1. A vapor of formaldehyde fumes obtained by bubbling air through formalin passes into and 
inflates the lung suspended by its bronchial attachment. The excess fumes are removed by a hood. 
a method of attachment to the bronchus. 


The insert shows 


\ Specimen 


Rubber gasket 


to vacuum pump 


Three way stop cock eo 


Fig. 2. Diagram of technique to evacuate a staining jar, illustrating the type of adaptor used. The 
adaptor consists of a 34-inch plywood base to which a rubber gasket is glued. All jars are of the same 


size so that only one adaptor is required. 


The manner by which vacuum is applied is illus 
trated in figure 2. 

After the section has been cleared in xylene it is 
mounted in a commercially available plastic.’ To 
remove xylene, the section is placed in uncata 
lyzed plastic and evacuated. In a separate con 
tainer, a volume of plastic is mixed with hardener 
and evacuated. Glass slides 50 by 75 mm. in size 
are prepared by coating surfaces with a release 

Castolite™ 
Illinois. 

Vista Wax", 
Illinois 


the Castolite Company, Wood 
stock, 


Simoniz Wax Company, Chicago, 


agent.‘ One slide has a rim of applicator sticks to 
prevent compression of the specimen. Enough 
catalyzed evacuated plastic is poured over each 
slide to cover x surface with a thin layer. Both 
slides are placed in a 45°C. chamber for forty-five 
minutes to allow gelling. The lung section is placed 
in the container with the remainder of the cata- 
In this 
catalyzed plastic fills the open spaces. The section 


lyzed plastic and evacuated. manner 
is then placed upon the gelled base of the rimmed 
slide and covered by catalyzed plastic. The gelled 
surface of the unrimmed slide is placed over the 


surface, avoiding the trapping of air bubbles. 
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Gelling is repeated, and curing is accomplished by 
heating to 80° C. 


glass slides will release from the plastic. Smooth 


for one hour. Upon cooling, the 


surfaces are obtained which require no buffing 
and allow microscopic examination from either 
side. An alternate method of mounting is to cover 


the xylene-cleared specimen by balsam. 


AND BOREN 


RESULTS 
Lung is obtained in a near-maximal inspira- 
tory state which is rigid, dry, and nonfragile 
(figure 3, center). To provide evidence that 
formaldehyde fumes as obtained by this method 
are effective in fixing tissue, a study suggested 
by Dr. William Hentel was done. A large section 


ntgenogram was obtained prior 


Photograph at left was taken before 


ft human lung. 
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of liver was suspended in an enclosed area with 
formaldehyde vapor entering under the same 
conditions as described for the lung. Another 
portion of liver was immersed in formalin for 
the same period. After twenty-four hours the 
liver exposed to formaldehyde fumes was fixed 
to a depth of 3.5 mm. from every exposed sur- 
face. The liver immersed in formalin was fixed 
to a depth of 5 mm. 

A measure of the state of inflation was ob- 
tained by comparing a roentgenogram of the 
fixed lung (using the same distances as with a 
standard film) with an inspiratory chest film 
obtained ante mortem. A comparison of the gross 
specimen with the chest roentgenogram is dem- 
onstrated in figure 3. The projection areas in 
both instances were almost identical. 

Consideration was given to the pressure ap- 


plied to the lung. As there was a continual leak of 


air from the lung surface, the system had no 
static 
measuring the pressure in the inflating tube, the 
flow into the lung, the dimensions of the lung, 
and considering the lung as a porous body, the 


pressure which could be measured. By 


mean pressure applied to the lung was calcu- 
lated. It was observed that by connecting the 
air source to the lung the maximal flow was 
reduced to 10 liters per minute. The usual flow 


OF LUNG 767 


to maintain the lung in an inspiratory state was 
5 liters per minute. In these circumstances, the 
mean pressure applied to the lung was 1.35 to 
18.2 cm. of water. At the beginning of inflation 
the maximal pressure applied to the lung was 
36 cm. of water. These pressures are of the same 
magnitude as those applied to the lung during 
life. Artefacts in the form of local bulging at the 
surface could be produced only by pressures 
greatly exceeding this. When they occurred, 
they could be easily identified by the compression 
of underlying lung tissue and by the absence of 
strands of tissue connecting the underlying lung 
with the pleural surface. Such bulges were of 
limited extent so that most of the specimen was 
unaltered. 

To measure the degree of shrinkage which oc- 
curred during the fixing process, horizontal and 
vertical circumferences were measured after in- 
flation was first performed, and at daily intervals 
for seven days. These circumferences measured 
during the fixing process showed a decrease of 3 
to 5 per cent. 

No change of cellular or air-space size could be 
seen during the staining and mounting procedure. 
Cellular during the 
early fixing period could not be evaluated as re- 


changes which occurred 


Fig. 4. Stereoscopic photomicrographs of air saccule showing arrangement of alveolar walls. Cellu- 


lar strueture and pores of Cohn are demonstrated. 


These photographs may be viewed by the use of 


conventional stereoscopic devices or directly by converging the eyes so that images are fused. 
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Fig. 5. Stereoscopic photomicrographs of alveolar walls demonstrating the configuration of capil- 


laries. 


Fic. 6. Stereoscopic photomicrograph of human lung demonstrating a marked degree of emphysema 
The degree of air space enlargement can be estimated by comparison with more normal lung seen at 


the extreme right of the figures 


moval of a portion of tissue allowed deflation of 
the lung. 

The excellent cellular detail shown in stained 
sections provides evidence against artefacts of 
drying, shrinking, and fixing (figure 4). Various 
cell types can be identified, and proper staining 
defines the type of tissue present. As the tissue 
slices obtained are much thicker than those con 
ventionally used, the three-dimensional relation 


ships of anatomic structures are casily demon- 
strated by the use of stereoscopic microscopy. 
\n air saccule with its arrangement of alveolar 
walls is demonstrated in figure 4. By varying the 
degree of magnification, the entire architecture 
from gross appearance to the details of cellular 
structure may be seen. 

Examples of the type of tissues obtained are 


demonstrated in figures 5 to 7. Visualization of 
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these figures by stereoscopic means shows the 
three-dimensional relationships of the structures. 
Figure 5 was stained to demonstrate the config- 
uration of capillaries within the alveolar walls. 
By contrast, the extensive alterations of emphy- 
sema are shown in figure 6. The presence of tri- 
angular and strandlike bridges of epithelial cells, 


some with identifiable capillaries, are seen to 
extend across large air spaces. A calcified nodule 
of tuberculosis surrounded by stellate bridges 
across enlarged air spaces is demonstrated in 
figure 7. 

Specimens with subpleural blebs were exam- 
ined by thick serial sections cut through the bleb 


Fic. 7. Photograph of unstained human lung demonstrating a calcified nodule of tuberculosis with 


surrounding emphysema. 


h 
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and its surrounding base. Destroyed areas similar 
to those pictured in figures 6 and 7 were found. 
Larger blebs removed at the time of surgery also 
demonstrated the presence of strandlike tissue 
connecting the under surface of the bleb with the 
underlying lung parenchyma. 


Discussion 
\ method is presented of studying the mor- 
phology of the inflated lung in three dimensions. 
The lung is fixed in a simple manner so that it 
will retain an inspiratory position in a rigid state 
while being studied. The lung so obtained may 
cutting 


be surveyed almost in its entirety by 


whole lung sections of l-em. thickness. Such sec- 
tions mav be viewed by low-power (10 to 16 & 
enlargement) microscopy or stereoscopic micros- 
Large (35 by 60 mm.) selected areas of 


0.3-mm. thickness may then be stained and exam- 


ined in higher power by conventional or stereo- 
scopic microscopy. 

\ historic account of the many means of inflat- 
ing the lung is given by Miller (9). Numerous 
investigators have used air-dried specimens to 
study the geometry of air spaces. Studies of the 
inflating lung have been critical for those inter- 
the problem of collateral ventilation 
\ir-dried lung has been used to study 


ested ith 
(10 
emphysema by microradiology (17). An experi- 


mental method to obtain “solid-image” micros- 


has been reported (18). However, it seems 


copys 
that the present method of morphologic exam- 
ination is of such simplicity that it may be used 


in the routine study of pulmonary pathology. 
Crit 
distention of lung with or without local bulging, 


isms of the method of fixing include over- 


fixation, artefacts of drying and 


and the necessity to alter conventional 


Inadequate 
shrinkage, 


cutting and mounting techniques. Formaldehyde 


fume fixation compares favorably with formalde- 
hyde immersion fixation. More elaborate tech- 
niques (19) might be used to evaluate fixation, 
but the ultimate test is in the tissue itself, and 
cellular detail is preserved by this method. The 
artefacts produced by drying should consist 


either of local shrinkage of cells or loss of volume 
of the As cells were found to be 


intact and shrinkage is much less (3 to 5 per cent) 


entire organ. 
as compared to immersion fixation in formalin 
(15 per cent), the method appears to have dis- 
tinct 


fixation 


advantages over conventional immersion 


Indeed, the continual application of air 
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pressure at all times is believed essential to pre- 
vent distortion during fixation. 

Revisions in cutting, mounting, and staining 
procedures are presented which provide excellent 
results. Selective strains may be used to good 
advantage. Ultimately, techniques may be de- 
vised which will give specimens of more uniform 
thickness. Injection of blood vessels by special 
means will demonstrate pulmonary vasculature 
more clearly. 

The relatively recent identification of centri- 
lobular emphysema (7, 20) is proof of the in- 
adequacy of the immersion fixation technique to 
allow visualization of this lesion. The addition of 
three-dimensional studies in a routine manner 
allows greater precision and understanding of 
this lesion. The routine use of the method opens 
important avenues of approach to most pul- 
whether it be tuberculosis, 
bronchitis, pneumoconiosis, pulmonary fibrosis, 


monary disease, 
or emphysema. The central role of bronchiolar 
inflammation in diverse disease may be more 
clearly demonstrated. Correlation of these obse. 
vations may result in greater unity between 
morphologic and physiologic studies (21). 
Further potentialities of the method should 
now be considered. The freshly inflated lung may 
be allowed to deflate while it is being photo- 
graphed by a movie camera. The rates of accelera- 
tion of different 
related to underlying pathologic changes. After 
fixation the specimen is rigid, so that porosity of 
the whole lung and flow of air through porous 


areas may be measured and 


plates of lung may be measured. 

By the random placement of a marker upon 
the microscopic sections, area-to-volume ratios 
determined by the method of Chalkley and asso- 
ciates (22, 23) may be done. Not only the geome- 


try of air spaces is to be studied, but also thei 


variation in different parts of the lung and the 
changes accompanying various degrees of infla- 
tion. 


Many aspects of emphysema may be more 
clearly defined. The type and distribution of 
lesions is to be related to aging, distribution of 
anthracotic pigment, alteration of pores of Kohn, 
vascular degeneration, and bronchiclar obstruc- 
tion and inflammation. Attention is to be given 
to the pathogenesis of alveolar lateral wall de- 
struction. The earliest physiologic changes are 
to be determined by measuring pulmonary fune- 


tion tests in patients with fatal nonpulmonary 
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disease and determining which of these patients 
had unrecognized early emphysema. 

The further elucidation of many aspects of 
pulmonary disease should follow the experi- 
mental production of pulmonary lesions. This 
method is particularly well suited to survey the 
whole lungs of animals, and so may allow ana- 
tomic evaluation of experimental procedures. 


SUMMARY 


\ method of fume fixation of lung is described 
which provides an inflated, rigid specimen and 
allows structure of whole lungs to be surveyed. 
2evisions of conventional cutting, staining, 
and mounting procedures provide large thick 
specimens which allow the application of a wide 
variety of staining techniques. Three-dimensional 
structure of either the stained 
specimen is demonstrated by stereoscopic micros- 


or unstained 
copy so that relationships present during life 


are more closely approximated. 


SUMARIO 


La Estructura Pulmonar en Tres Dimensiones 
después de la Inflacién y Fijacién con 
Vapor de Formaldehido 


método aqui descrito de fijacién del pulmén 
con vapores de formaldehido produce un ejemplar 
rigido e inflado y permite estudiar la estructura 
de los pulmones iniegros. 

Las revisiones de los procedimientos conven- 
cionales de reseccién, coloracién y montaje sumi- 
nistran grandes y gruesos ejemplares que permiten 
la aplicacién de una gran variedad de técnicas de 
coloracién. La estructura en tres dimensiones del 
ejemplar ya tefido o no queda revelada por la 
microscopia estereoscépica de modo que semeja 
mejor las relaciones que existen durante la vida. 


RESUME 


La structure @ trois dimensions du poumon apres 
inflation et fixation au moyen de vapeurs 
de formaldehyde 


Description d’une méthode de fixation des gaz 
du poumon qui procure une piéce rigide et dis- 
tendue permettant d’examiner la structure du 
poumon dans son ensemble. 

La révision des procédés conventionnels de sec- 
tion, de coloration et de montage, procure des 
spécimens épais de grandes dimensions permettant 
application de techniques de coloration trés 
variées. La structure 4 trois dimensions des spéci- 


mens colorés, ou non, est révélée par la microscopie 
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stéréoscopique, ce qui facilite une évaluation aussi 
proche que possible 4 1l’égard des rapports existants 
durant la vie. 
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THE EVOLUTION AND EARLY RESULTS OF TRACHEAL FENESTRATION' 


Kk. ROCKEY, 8. 
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(Received for publication February 2, 1959) 


INTRODUCTION 


Tracheal fenestration is an airtight, leakproof, 
skin-lined 
for the purpose of repeated tracheobronchial 


tracheocutancous opening, created 
aspirations or self aspirations and medications 
(1-4). The purpose of this paper is to present 
the evolution of tracheal and the 
experiences and results with 17 consecutive cases. 


fenestration 


General Review 


At the end of 1954, one of the writers (EER) 
sturted a series of animal experiments for the 
purpose of developing an operation which had 


the advantages, without the disadvantages, of 


conventional tracheostomy. The idea for such a 
procedure in the management of pulmonary sup 
puration in inoperable cases was suggested by Drs. 
Edgar Mayer and Israel Rappaport. Through the 
efforts of Dr. Mayer, 
for the basic experiments were provided for Dr. 
Kk. Kk. Rockey at the New York University 
Bellevue Medical Center. These experiments were 


funds, animals, and space 


described in a report under the title of “Tracheal 
August, 1956 (1). The 
animal experiments were concluded by June, 1955. 


Fenestration’? in initial 


At this time, the search for a suitable case of 
pulmonary suppuration began, with the hope of 
accomplishing at least some palliative relief. The 
active participation of Dr. 8S. A. Thompson and 
the interest of Dr. I. G. Epstein of the New York 
Medical College-Metropolitan Medical Center led 
to the first patient on whom this operation was 
performed by the writers at the Metropolitan 
Hospital, New York City, on January 30, 1956. 

The operation could not be completed because 
of technical problems. The patient was left with a 
gaping tracheocutaneous opening which, never 
theless, allowed repeated tracheobronchial aspira 
the 
experimentation 


meantime, 
led to 
improved technique, making the transference of 


tions and medications. In 


additional animal an 
the operation from the animal to the human 
the 


the 


possible. Accordingly, at a second stage, 


completed at 
1956. 


operation successfully 


Metropolitan Hospital on April 4, 


was 


‘From the New York Medical College, Metro- 
politan Medical Center, New York, New York; 
and St. Anthony’s Hospital, Woodhaven, Long 
Island, New York. 


ade 


3 


The palliation obtained by repeated tracheo 
bronchial aspirations and instillation of cyclo 
serine in this 34-year-old moribund, Negro male 
with biiateral, far advanced active pulmonary 
tuberculosis was striking (3). The ill effects of the 
immediate postoperative use of the skin tract soon 
became obvious. This fine plastic procedure was 
destroyed to a great extent by the repeated daily 
catheter insertions for aspirations. The need for 
further revision was apparent. These studies were 
conducted at York 
Medical College and led to the present operation 


the laboratories of the New 


(see figure 2). 

This consists of a tracheal fenestration and the 
simultaneous performance of a temporary trache- 
otomy below the level of the fenestration. Until 
the fenestration heals, the tracheotomy is utilized 
for the catheter insertions. This is accomplished 
in three to four weeks; then the tracheotomy 
cannula is removed, its site allowed to heal, and 
the function of the fenestration begins. The com- 
bined procedure was performed for the first time 
by the writers at the Flower and Fifth Avenue 
Hospitals on June 22, 1956, on a 5!9-year-old 
white boy with cystic fibrosis of the pancreas with 
advanced pulmonary The child 
gained definite palliative benefit from this pro- 


suppuration. 


cedure (3). 

The third case, that of a 32-year-old Negro male, 
suffering from suppurative disease of the lungs 
and marked emphysema, was submitted to the 
combined operation at Metropolitan Hospital on 
February 25, 1957. This patient also gained definite 
palliative benefit from the procedure (3). 

A further advance in the clinical application of 
tracheal fenestration began in October, 1957, at 
St. Anthony’s Hospital. A bedridden patient with 
so-called ‘dry’? emphysema was suggested for 
tracheal fenestration after all available medical 
treatment had failed. The 52-year-old, dyspneic, 
cyanotic, white male had no cough and little or 
no expectoration. His breath sounds were de- 
pressed to absent, and the lower intercostal spaces 
were retracted in the inspiratory phase of respira- 
tion, suggesting peripheral bronchial and bron- 
occlusion. The initial the 
conference that no further help could be 
offered for this desperately ill man who had al- 
ready been submitted to all the accepted forms of 
conventional therapy. The final for 
operation was made by Dr. Charles F. Blazsik. 


chiolar opinion of 


was 


decision 
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Fic. 
so-called “‘dry”’ case of emphysema (Case 4). 


2. Tracheal fenestration seven weeks after 
operation (Case 7); the fenestration is healed. 
The site of the previous tracheotomy cannula is 


covered with a small dressing. 


The findings of obstructive inspiration on 
inspection and on physical examination mentioned 
that the major disability in 


emphysema the 


above suggested 


cases originates in 


advanced 


THOMPSON, 


1. Whitish, tenacious, stringy mucoid material aspirated from the tracheobronchial tree of a 


AND BLAZSIK 


peripheral bronchi and bronchioles, and is es 


sentially a secretional occlusion. Subsequently, 
this theory was substantiated, as described below, 
and has served as a guide in the selection of later 
cases. The removal of large quantities of whitish, 
(figure 1) 


mucoid material 


tenacious, stringy, 
from the tracheobronchial tree by repeated aspira 
tions has led to rehabilitation of this patient, 
who, before fenestration, was a respiratory cripple 
(4). The striking improvement in this patient and 
his eventual return to full-time work is responsible 


for the rapid suecession of the eases now reported 


CLINICAL SERIES 


The study deals with 17 consecutive 
cases of patients? operated upon at Metropolitan 
Hospital, Flower and Fifth Avenue Hospitals, 
St. Anthony’s Hospital, and Manhattan General 
Hospital Chest Pavilion from January, 1956, to 
August, 1958, inclusive (table 1). Four of the 
patients were Negro and 13 were white. Sixteen 
The 
age of the patients ranged from 5!'9 to 82 years, 
with « mean age of 54.7 years. The preoperative 


present 


of the series were males and one was female 


diagnoses were as follows: far advanced, bilateral, 
active pulmonary tuberculosis, one patient; 
cystic fibrosis with advanced pulmonary suppura 
tion, one patient; active, far advanced silico 
tuberculosis, one patient; advanced emphysema 
with chronic suppurative bronchitis or bronchi 
ectasis, 7 patients; and advanced so-called ‘‘dry” 


emphysema, 7 patients. One of the latter group 


2 Included 3 patients reported in reference (3) 
and 4 patients reported in reference (4). 
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also had bronchogenic carcinoma of the left lung. 
Fifteen of the 17 patients were bedridden and 
required almost continuous or intermittent oxygen 
therapy. Only 2 of the patients were able to walk 
approximately 20 to 30 steps before getting into 
great respiratory distress. Two of the patients 
also had cor pulmonale and were known to have 
been in cardiac failure for more than five years. 
One of the patients had arteriosclerotic heart 
with 
addition to advanced emphysema, and one had 


disease coronary arterial insufficiency in 
advanced emphysema with arteriosclerotic heart 
disease and cor pulmonale. The 2 last-named pa- 
tients were in and out of failure for at least three 


years prior to their tracheal fenestration 
RESULTS 


Palliation: Palliation occurred in 6 patients. 
This term is used to designate patients who 
were made more comfortable than they had been 
prior to operation. Their exercise tolerance in 
creased, their respiratory rate and pulse rate 
decreased, and their color improved. Although 
these patients were helped, eventually they died 
pulmonary disease 


because of their advanced 


3, and 5), cardiovascular disease 


other 


(Cases 1, 2, 
(Case 11), 


cinoma (Case 


and diseases such as car- 
15). 

\/arked palliation: Marked palliation occurred 
in 5 patients. This term indicates patients who 
showed improvement of pulmonary ventilation 
and exercise tolerance and who no longer re- 
quired oxygen. The over-all progress has been 
slower than usual, due to advanced cor pul 
monale (Cases 12 and 14), arteriosclerotic heart 
disease (Case 


culosis (Case 10). One of these patients died of 


16), or active pulmonary tuber- 


an unrelated condition (duodenal ulcer with 
hemorrhage). 

Rehabilitation: Rehabilitation 
plished in 3 patients. By rehabilitation is meant 
the ventilation 
tolerance sufficiently not only to enable patients 


to get around and attend to their personal needs 


was accom- 


improvement of and exercise 


without oxvgen or the assistance of others, but 
to walk several blocks without respiratory em- 
barrassment. These patients have a chance to 
undergo They 
about to be discharged or already have been dis- 
charged from the hospital. One of these patients 
died of right spontaneous tension pneumothorax. 

\/arked rehabilitation: The classification marked 
rehabilitation has been applied to 3 patients. 
Their condition improved sufficiently to allow 


even more improvement. are 
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TABLE 2 
A. List or THE RESULTS 


Palliation* 6 


Marked palliation 5 
tehabilitation 3 
Marked rehabilitation 3 

Total 17 


* For definition of eategories see text. 


TABLE 3 
ANALYSIS OF DEATHS 


Far advanced, active pulmonary 

tuberculosis 
Cystie fibrosis of the pancreas 

with advanced suppurative 

disease of the lungs 1 
Advanced emphysema with sup 


purative disease of the lungs.. 2 
Cerebrovascular accident l 
Carcinoma of the lung l 
Spontaneous tension pneumo 

thorax | 
Hemorrhage due to duodenal 

ulcer l 

Total Ss 


return to gainful occupations, if that were de- 
sired by the patients. 

Present status: Palliation was accomplished in 
6 patients and marked palliation in 5 patients 
(table 2). Four of the latter group are alive. Re- 
habilitation was accomplished in 3 of the pa- 
tients. this alive. Marked 
rehabilitation was accomplished in 3 patients. All 


Two of group are 
of these are alive. There were no operative mor- 
talities, and no patient failed to receive some im- 
provement. Nine of 17 patients are alive. Analysis 
of the deaths (table 3) indicates that one patient 
died of bilateral, far advanced, active pulmonary 
tuberculosis; one died of cystic fibrosis of the 
pancreas with far advanced pulmonary suppura- 
tion; 2 died of far advanced emphysema; one, of 
cerebrovascular accident; one, of carcinoma of 
the lung; one, of spontancous tension pneumo- 
thorax; and, finally, one, of massive hemorrhage 


from a large duodenal ulcer. 


DISCUSSION 


The basie experiments leading to the develop- 
ment of tracheal fenestration were started with 
the idea of producing a palliative operation to be 


vere de- 


ished in 
patients 
ive. Re- 
the pa- 
Marked 
‘nts. All 
ve mor- 
yme im- 
\nalysis 
patient 
monary 
of the 
uppura- 
one, of 
oma of 
neumo- 


orrhage 


evelop- 
ul with 
to be 
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used in the treatment of advanced and inoperable 
cases Of pulmonary suppuration. The idea of 
applying this operative procedure to other con- 
ditions came as experience increased. 

The first patient on whom this operation was 
performed was a case of far advanced, active, 
pulmonary tuberculosis with excessive drainage. 
The observations made in this case encouraged the 
employment of tracheal fenestration in other 
cases of active tuberculosis for which other forms 
of therapy were unsatisfactory, or cases which 
were more or less abandoned. The easy elimina- 
tion of the thick, 
tracheobronchial tree of the second patient with 


tenacious material from the 


cystic fibrosis of the pancreas with advanced 
pulmonary suppuration convinced the writers 
that tracheal fenestration offers a new hope for 
these unfortunate children with otherwise fatal 
termination. The wider application of this oper- 
ative procedure was begun with the first case of 
advanced emphysema with chronic suppurative 
8) and with the first case of so- 
called “dry” Fifteen of 
the 17 patients reported here had advanced 


bronchitis (Case 
emphysema (Case 4). 
emphysema with marked respiratory disability. 
Seven of them had so called “dry” emphysema, 
and 8 had emphysema with chronic suppurative 
bronchitis. 

The patients with the so-called “dry” em 
physema had minimal or no cough and virtually 
no expectoration. They were all cyanotic and 
used their accessory respiratory muscles during 
inspiration even at rest. They all had marked 
inspiratory retraction of the lower intercostal 
spaces, and the chest wall expansion was limited. 
Auscultation revealed depressed to absent 
breath sounds in all. These findings suggested 
peripheral bronchial and bronchiolar obstruction 
by retained secretions. This idea was well sub- 
stantiated by the removal of the secretions by 
repeated after 
tracheal fenestration was performed. In the oper- 


thick, 


tenacious, stringy, whitish material was elimi- 


tracheobronchial — aspirations 


ating room, a considerable amount of 
nated by tracheobronchial aspirations from all of 
these patients. Within six to cight hours of the 
operation, by which time several aspirating 
sessions were applied, the breath sounds were 
more clearly audible, the extent of the chest wall 
expansion increased. These findings give further 
proof of the secretory occlusion theory. 


Improvement became more and pro- 
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nounced and the exercise tolerance of the patients 
increased during the ensuing weeks and months. 
Within the first seven to ten days after operation, 
the amount of secretion is 
abundant and the patients need to be aspirated 
frequently (fifteen-minute to hourly intervals). 
After this period elapses, the amount of secretion 


tracheobronchial 


removed per day decreases, and the need for 
tracheobronchial aspirations becomes less and 
less. Most of these patients required only one to 
four aspirating sessions daily by the time they 
were discharged from the hospital. By this time 
the evidence of bronchial occlusion on inspection 
and auscultation had disappeared. The improve- 
ment in the ventilation of these patients began in 
the operating room and the progress has been 
parallel with the diligence of the aspirations per- 
formed. 

It is believed that the aforementioned facts 
indicate that the disability of these patients 
originated in the progressive peripheral bronchial 
and bronchiolar secretional occlusion which led 
to a continuing decrease in the amount of respira- 
tory surface. By clearing not only the central, 
but—even more—the peripheral airways, the 
respiratory surface was increased, which in turn 
explains the striking clinical improvement of 
these patients. Undoubtedly, other factors are 
involved in the improvement of these patients, 
but the removal of the secretional occlusion ap- 
peared to be the major one. 

Right patients had advanced emphysema with 
chronic suppurative bronchitis. These patients 
complained of excessive cough with purulent and 
mucopurulent They all were 
cyanotic and used their accessory respiratory 
muscles even at rest. They also had limited chest 


expectoration. 


wall expansion and inspiratory retraction of the 
lower intercostal spaces. The breath sounds were 
depressed, and in all instances moist rales and 
occasionally even wheezes could be heard. Fol- 
lowing tracheal fenestration and repeated vigor- 
ous tracheobronchial aspirations, the chest wall 
expansion increased, the breath sounds became 
more audible, the rales decreased and eventually 
disappeared. Along with the change in the physi- 
cal findings, the ventilation of the patient im- 
proved and the exercise tolerance increased. After 
tracheal fenestration, the purulent or 
purulent bronchial secretion gradually changed 
to a whitish, tenacious, sticky, and stringy ma- 
terial similar to the substance obtained at the 


muco- 


778 


operation of the so called “dry” emphysema cases. 
Obviously the situation here represented the same 
condition complicated by bronchial infection. The 
latter is controlled by the drainage provided by 
the tracheobronchial aspirations. 

There is considerable difference in the clinical 
course of the patients with obvious cor pulmonale 
in failure or heart 
failure as compared with the patients with ad- 


arteriosclerotic disease in 
vanced emphysema without evidence of heart 
disease. The progress of the 3 patients with ad- 
vanced cor pulmonale in failure and of the one 
patient with advanced arteriosclerotic heart dis- 
ease in failure in the series presented here was 
much slower than the progress of the rest of the 
patients. The former patients needed a great deal 
more nursing care, and it usually required several 
weeks before they were able to aspirate their own 
tracheobronchial tree. By contrast, the patients 
without heart disease were able to start self as 
pirations on the second or third day after the 
operation and, within one week, were quite pro- 
ficient in taking care of themselves. The improve- 
ment in ventilation of the patients with cor 
pulmonale in failure was striking even though the 
cardiac status remained apparently unchanged. 
The reason for treating these patients by means 
of tracheal fenestration was to make an effort to 
control the pulmonary disease which led to the 
addition the 
progress of the cor pulmonale, it was believed 
that the re-aeration and the elimination of the 
infection from the peripheral airways might even 
lead to the compressed or 
obliterated peripheral pulmonary vessels, with 


cor pulmonale. In to arresting 


re-canalization of 


subsequent lowering of the pulmonary hyper- 
tension. It is hoped that tracheal fenestration, by 
providing better ventilation, will keep these pa- 
tients alive long enough for such changes to take 
place. 

The indications for tracheal fenestration pres- 
ently used by the writers are: advanced cases of 
emphysema with or without suppuration and 
with marked respiratory disability; excessive sup- 
purative disease of the lungs when excisional 
surgery is contraindicated; fibrocystic disease of 
the pancreas with excessive pulmonary suppura- 
tion; and far advanced cases of pulmonary tuber- 
culosis, when no other form of therapy can be 
offered. 

It is believed that additional indications will 


become manifest as experience increases; for ex- 
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ample, the procedure might have some use in the 
bulbar type of poliomyelitis requiring a mechani- 
cal respirator. 


SUMMARY 


Experience with 17 consecutive cases of severe 
chronic respiratory disease treated with tracheal 
fenestration and repeated tracheobronchial aspi- 
rations and self aspirations is reported. Six of 
these patients experienced some palliation and 5 
had marked palliative relief. Three patients were 
rehabilitated to a degree, and 3 gained the status 
of “marked rehabilitation.”” Nine of the 17 pa- 
tients are alive. There were no operative deaths 
in the series. The observations confirm the initial 
impression that the major source of the disability 
in advanced cases of emphysema, including the 
so-called “dry”? emphysema, is secretional oc- 
clusion of the peripheral bronchi and bronchioles 


rather than bronchial spasm. 


SUMARIO 


La Evolucién y los Resultados Te mpranos de la 


Fenestracion Traque al 


tepiisase lo observado en 17 casos consecutivos 
de grave enfermedad respiratoria ecrénica tratada 
con la fenestracién traqueal y repetidas aspira- 
ciones triqueobronquiales \ autoaspiraciones, 
Seis de estos enfermos obtuvieron alguna paliacién 
y 5 deeidido alivio paliativo. Tres enfermos se 
rehabilitaron hasta cierto punto y 3 captaron el 
‘notable rehabilitacién.’? Nueve de los 
mortalidad 


estado de 


17 enfermos estén vivos. No hubo 
operatoria en la serie. Las observaciones realiza- 
das confirman la impresién inicial de que la causa 
principal de la inecapacidad en los casos avanzados 
de enfisema, comprendiendo el llamado ‘‘seco,”’ es 
ln oclusién secrecional de los bronquios y los 
bronquiolos periféricos mas bien que el espasmo 


bronquial. 


{ESUME 


Evolution et résultats précoces de la fenestration 


trachéale 


Rapport sur une série de 17 eas d’affections 
respiratoires sévéres chroniques ayant été traités 
par In fenestration trachéale, les aspirations 
trachéo-bronchiques et les self-aspirations répé- 
tées. Une certaine atténuation des symptdémes 
s’est produite chez 6 malades et un effet palliatif 
marqué a été obtenu chez 5. La réadaptation de 
3 des malades a été réalisée d un certain degré et 
3 ont pu étre classifiés “‘réadaptation marquée.” 


Parmi ces 17 malades, 9 sont vivants. Il ne s’est 
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TRACHEAL 


produit aucun décés chirurgical dans cette série 

Les observations confirment l’impression initiale 

que la source majeure d’invalidité dans les cas 

avancés d’emphystme, y compris le soi-disant 

emphyséme ‘‘sec’’, est l’occlusion des bronches et 

bronchioles périphériques par les séerétions, plu- 

t6t que par un spasme bronchique. 
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INTRODUCTION 


The patient with persistent cavitary tuber- 
culosis with tubercle bacilli in the sputum re- 
sistant to the major antituberculous drugs con- 
stitutes one of the most difficult problems facing 
the phthisiologist today. Further medical therapy 
little state of 
chronicity. In addition, the surgical experiences 
of Coleman, Holland, Lees, Hughes, Robinson, 
and Wareham, and their associates (1-6) have 
documented the marked increase in both early 
and late complications following surgery in these 
patients with drug-resistant infections. Recently 


offers except to prolong the 


the patients have been subjected to resection, 
utilizing other antituberculous drugs for tem- 
porary protection, such as viomycin (7), pyrazin- 
amide (8), viomycin with oxytetracycline (2), 
and viomycin with pyrazinamide (9), although 
the number of such cases reported have been 
insufficient for full evaluation. Pecora and 
Yegian (10) 
the clinical 


resistance studies with 
that the 
mere presence of resistant organisms is of little 


correlated 
results, which suggests 
importance provided other effective drugs are 
One effective drug, either strepto- 
isoniazid, or pyrazinamide, seemed to 


available. 
mycin, 
provide protection against the early postopera 
tive complications, although viomycin by itself 
did not. Two or more drugs were better than a 
single drug in preventing late complications. A 
previous report (11) related the present writer’s 
experiences with 35 resections in 32 such pa- 
tients, utilizing viomycin with thiazosulfone* or 
pyrazinamide for antimicrobial therapy during 
the surgical period. This experience has now 
been extended to 68 resections in 62 patients, 
who have been followed from four to fifty-six 

' From the departments of surgery, Mississippi 
State Sanatorium and the University of Missis 
sippi Medical Center, Jackson, Mississippi. 

2 Presented at the annual meeting of the South- 
ern Trudeau Society, Richmond, Virginia, Oc 
tober 2, 1958 

Promizole* 
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months. An analysis of this experience comprises 
the present report. 


COMPOSITION OF SERIES 


All 62 patients (table 1) had open tuberculous 
lesions with tubercle bacilli in the sputum of 
proved or presumptive resistance to streptomy- 
cin, isoniazid, and PAS. In every case, the pres- 
ence of tubercle bacilli in sputum or gastrie wash- 
ings had been demonstrated within the two-month 
period immediately prior to surgery. Tubercle 
bacilli were classified as resistant if growth was 
not inhibited by streptomycin or PAS concentra- 
tions of 10 y per ml. or by isoniazid concentrations 
of 1 y per ml. Patients were classified as having 
presumptively resistant infections if the bacilli 
were not cultured but could be seen on microscopy 
and if one or more cavities had remained open 
despite chemotherapy for at least one year. In the 
study by Decker, Raleigh, and Welles (12), if the 
cavity lesions remained open during the first year 
of chemotherapy 80 per cent of the patients were 
discharging drug-resistant bacilli. This percentage 
quickly increased as the time of chemotherapy 
was extended further. Included in the present 
series are a few patients whose strains of tubercle 
bacilli were resistant to only two of the three 
major antituberculous drugs, but drug toxicity 
prevented utilization of the third drug. 

Each patient was given viomycin and pyrazina- 
mide for a two-week period preoperatively and 
this was continued for a period of approximately 
three months postoperatively. Six of the patients 
included in the initial report received thiazo- 
sulfone which has not been used since the more 
potent pyrazinamide became available. The usual 
dosages administered were viomycin, 2 gm. twice 
a week with either 1 gm. of the sulfone four times 
daily or 500 mg. of pyrazinamide four times daily. 
Streptomycin, isoniazid, and PAS were continued 
for whatever value they might possess, in the 
belief that many of the bacilli in areas outside the 
cavity might be susceptible to their action. 

Only 5 patients had been receiving chemo- 
therapy less than twelve months, and in these 
cases the bacilli were proved resistant by in vitro 
tests. The remainder of the patients had been re- 
ceiving chemotherapy for periods of one to seven 
years at the time of pulmonary resection. Forty- 
three of the patients were re-treatment cases, hav- 
ing had interrupted courses with two or all three 
of these drugs. 

The duration of total illness ranged up to seven 


OSIS 


nprises 


reulous 
tum of 
ptomy- 
pres- 
¢ wash- 
month 
ubercle 
th was 
centra- 
rations 
having 
bacilli 
“OScOpy 
d open 
In the 
, if the 
‘st year 
ts were 
-entage 
herapy 
present 
ubercle 
» three 
oxicity 


razina- 
ly and 
mately 
atients 
thiazo- 
e more 
e usual 
twice 
r times 
s daily. 
itinued 
in the 
ide the 


chemo- 
1 these 
in vitro 
een re- 
» seven 
Forty- 
s, hav- 
| three 


seven 


RESECTION OF DRUG-RESISTANT CAVITARY TUBERCULOSIS 781 


TABLE 1 
PATIENTS COMPRISING PRESENT REPORT 


White Negro 
Male Female Male Female 
25 15 11 11 
TABLE 2 
DURATION OF DISEASE 
Years <1 1 2 3 + 5 6-10 | 11-17 
Patients ll 10 9 4 | 16 3 
TABLE 3 
AGES 
Years 18 20-29 | 30-39 40-49 50-59 | 60-69 
Patients 5 8 17 20 10 2 


TABLE 4 
ROENTGENOGRAPHIC CLASSIFICATION OF 
DISEASE 


Ipsilateral | Contralateral 


Minimal 0 40 
Moderate 21 16 
Far advanced 41 6 
Cavitary 62 19 


teen years, and only 20 of these patients had had 
tuberculous disease for less than three years 
(table 2). The patients varied in age from eighteen 
to sixty-five years, 32 of the patients being more 
than 40 (table 3). Twenty of the patients had had 
previous collapse therapy: pneumoperitoneum in 
14; pneumothorax in 9; thoracoplasty in 10, 
among whom 3 had bilateral thoracoplasties. 

Classification of the disease by roentgenography 
on admission (table 4) showed that 41 had far ad- 
vanced disease and 21 had moderately advanced 
tuberculosis. There were no minimal lesions. The 
contralateral lung was considered normal or 
only minimally diseased in only 40 patients, while 
19 patients showed definite contralateral cavita- 
tion. 

The resections included 16 pneumonectomies, 
24 lobectomies, 8 lobectomies plus segmental pro- 
cedures, and 20 segmental resections. These opera- 
tions presented marked technical difficulties, as 
dense adhesions, hilar fibrosis, and multiple en- 
larged adherent iymph nodes were common find 


ings. Significant hemorrhage occurred in 4 cases 
of this series due to injury to the vascular struc- 
tures, but it was possible in every case to control 
the hemorrhage and complete the contemplated 
procedure. 
OBSERVATIONS 
Deaths 


There were 5 deaths in the series (table 5). 
All oceurred early, but none were related to 
tuberculous disease or to the fact that the in- 
fections were resistant to the major antituber- 
culous drugs. Two patients died of pulmonary 
emboli, one on the operating table, and one died 
on the twentieth postoperative day. One died of 
pulmonary insufficiency six days postoperatively, 
and a fourth died of pulmonary edema the day 
after surgery. The fifth patient died the day of 
surgery from a hemolytic blood transfusion 
reaction. 

There was one transient cardiac arrest during 
operation which responded immediately to 
therapy, and the operation was completed with- 
out sequelae. There were four postoperative 
hemothoraces which cleared with enzymatic 
debridement. 

Eleven 
performed in this group. Although it is the 
practice on this service to resort to tracheostomy 


postoperative tracheostomies were 


on minimal indications for retained secretions 
or respiratory insufficiency, this is a far greater 
than in other patients who 
undergo surgery for tuberculosis. Six of these 
patients definite insuffi- 
ciency and 3 required artificial ventilation post- 


incidence most 


showed respiratory 


operatively for periods up to seven days. 


Drug Toxicity 


In 4 patients viomycin was discontinued be- 
cause of persistent rash and itching, and 4 suf- 


fered definite anaphylactoid reactions, with 


urticaria, dyspnea, facial edema, and hypotension. 


Treatment with intravenous fluids and anti- 
TABLE 5 
COMPLICATIONS 
Deaths 5 
Cardiac arrest l 
Hemothorax 4 
Bronchopleural fistula t 
Pulmonary insufficiency 6 
Tracheostomy 11 


WATTS 


histaminics effective in each case. Liver 


function tests became abnormal in one patient 


was 


receiving pyrazinamide who did not demonstrate 
clinical symptoms, and the values for liver func- 
tion returned to normal after discontinuance of 
the drug. Sulfone therapy was discontinued, as 
previously reported, in one instance because of 


a recurrent rash. 
Follow-up Observations 


The patients have been followed from four 
to fifty-six months (table 6). There have been 2 
roentgenographie relapses, 5 bacteriologic re- 
lapses, and 7 relapses of both types. All but 5 
of the patients now have inactive tuberculosis 
following further drugs or surgical therapy. 
Both of the 
contralateral reactivations at the site of previous 


disease, and these have been controlled by further 


roentgenographic relapses were 


drug therapy, and in one patient by a comple- 
mentary pneumothorax. One of the patients with 
an early bacteriologic relapse attained a non- 
infectious status on further drug therapy, only 
to again discharge tubercle bacilli some two years 
later, although the 
no evidence of disease activity. The other pa- 


roentgenograms revealed 
tients with bacteriologic relapses attained and 
maintained status after further 
antimicrobial treatment. Four of the combined 
due to  bronchopleural 
fistulas, manifesting itself late and the 
others early. The early bronchopleural fistulas, 
f which appeared after right upper lobee- 


I 


noninfectious 


relapses have been 


one 


two 
tomies and the other after a left pneumonectomy 
for progressive caseous pneumonia, have been 


closed with thoracoplasties and silver nitrate 
cauterizations. The late bronchopleural fistula 
developed from the stump of the superior division 
of the left lower lobe which had been resected 


with the left upper lobe. The peribronchial 


empyema persists and the sputum remains 
positive for tuberele bacilli. 
TABLE 6 
RELAPSES 
Roentgeno- Bacteri- 
graphic ologic 
Karly l 
Late 3 


* One still active. 
** Two still active. 
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TABLE 7 
PRESENT STATUS 


Patients Per Cent 
Dead 5 8.1 
Living with active tuber- 
culosis 5 8.1 
Living and well 51 83.8 


One late relapse occurred in one of the 6 pa- 
tients treated with viomycin and thiazosulfone. 
Bilateral plombage thoracoplasties had failed 
to accomplish permanent sputum 
and the superior division of the left lower lobe 
had been resected for a residual cavity. Eight 
months later the sputum again became positive 
for tubercle bacilli, and roentgenography re- 
vealed a cavitary reactivation in the right lower 
lobe, which subsequently has been resected, 
with good result. Another patient, W.B.M., 
previously reported, had the superior division 
of the right lower lobe resected after failure of 
a plombage After discharge, 
reactivation of the lesion occurred in the right 
upper lobe, and subsequent right upper lobec- 
tomy elsewhere resulted in a bronchopleural 
fistula with the continuing discharge of tubercle 
bacilli in the sputum. 

Thus, 5 of the 62 patients have died and 14 


‘ 


‘conversion,” 


thoracoplasty. 


have shown tuberculous disease, 
although 9 of the latter are now clinically well 
(table 7). Interpreted in a different fashion, 
69.4 per cent of the patients have been con- 


sistently well since surgery, and an additional 


subsequent 


14.5 per cent have been salvaged by further 
surgery or drug therapy. 


DISCUSSION 


The results appear gratifying in view of the 
nature of the disease in these patients. The 
operative mortality has been high, but no deaths 
were due directly to tuberculosis. There were 7 
early tuberculous complications in the three- 
month period following surgery while the ancil- 
lary drugs were being given. Subsequent to that 
time, there have been 7 additional tuberculous 
complications, 5 of which have responded to 
additional drugs or to surgery. In view of the 
extensive and bilateral nature of the disease in 
many of these patients, the long-term results 
will undoubtedly become poorer as time goes on. 

Figures illustrating the nature of the disease 
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RESECTION OF 


in several cases, together with the results of 
the therapy, will be shown at the end of the 
article. 

Contrary to the experience of some (2), the 
writer has not noted undue complications follow- 
ing segmental resections, which actually have 
resulted in far better results than either the 
lobectomies or pneumonectomies. Only one of 
the segmental resections has shown a tuberculous 
complication, although there have been tuber- 
culous complications in 3 of the 8 patients with 
combined lobectomies and segmental resections. 
\ccordingly, it is believed that one should be 
governed in his choice of procedure solely by the 
extent of disease and not by the drug status, so 
long as some potentially effective drug regimen 
is available. 

The results in this group resected under the 
protection of viomycin and pyrazinamide are 
compared in tables 8 and 9 with a similar group 
collected from the data of the Veterans Adminis- 
tration-Armed Forces cooperative studies (13). 
The latter group of patients had pulmonary 
resections between July, 1955, and June, 1956. 
All had bacilli that were demonstrably resistant 


to streptomycin, but no definite information 
TABLE 8 
CoLLEcTED CASES 
A-AF* Present Series 
Pneumonectomy 15 16 
Lobe 36 32 
Segment 20 20 
Total 72 68 
*Veterans Administration—Armed Forces 
13 
TABLE 9 
CoMPARSION OF COMPLICATIONS 
VA-AF* Present Series 
Num Per Num- Per 
ber Cent ber Cent 
Deaths S 1] 5 Ss 
Fistula 17 24 i 7 
Empyema 16 22 1 7 
Tuberele bacilli in 
sputum 39 11 1S 
"Veterans Administration—Armed Forces 


13). 


DRUG-RESISTANT 


CAVITARY TUBERCULOSIS 


is available concerning the status of the patient- 
strains with respect to isoniazid or to PAS. The 
resections presumably were performed without 
benefit of additional drugs, and the marked 
difference in results is apparent. 

While few patients now reach this chronic 
active state under sanatorium care, the increas- 
ing use of drugs in home treatment without the 
availability of frequent surgical evaluation has 
allowed many patients to miss the time for 
optimal surgery. In the present series, 40 of the 
62 patients had drug-resistant infections before 
admission to the sanatorium. This danger has 
been emphasized by Allen (14), who also found 
that only 2 
chronic cases when properly and immediately 
treated in the sanatorium with combined medical 
and surgical therapy. An additional 3 per cent 
died of tuberculosis, and 3 per cent died of other 


per cent of the patients became 


diseases. 


SUMMARY 


\n analysis is presented of the temporary 
protection of viomycin combined with thiazo- 
sulfone or pyrazinamide in 68 pulmonary resee- 
tions in 62 tuberculous patients who have been 
followed from four to fifty-six months. Of this 
83.8 cent are clinically well, 


group, now 


although only 69 per cent have been free of 


per 


tuberculous complications since surgery. In this 
group of patients, the mechanical factors that 
would prevent cavity closure, regardless of the 
duration or nature of medical therapy, continue 
to be impressive. Viomycin along with pyrazin- 
amide appears to be of value as temporary pro- 
tection for excisional therapy of tuberculous 
lesions in which the bacilli are resistant to the 


major antituberculous drugs. 


SUMARIO 


La Reseccion Pulmonar por Tuberculosis Resistente, 
Positiva, Abierta, Utilizando Drogas 


Coad yuvantes 


Preséntase un andlisis de la proteccién temporal 


que otorgé la viomicina combinada con la tiazo 


sulfona o la pirazinamida en 68 reseeciones en 62 


enfermos mantenidos en observacién durante 


cuatro a cincuenta vy seis meses. De este grupo, 


83.8 por ciento se hallan actualmente clinicamente 
bien, aunque sélo 69 por ciento han permanecido 


exentos de complicaciones tuberculosas con 


secutivamente a la cirugia. 


In este grupo de enfermos, retienen su im 
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portancia los factores mecdnicos que impedirian 


el cierre de las cavernas, independientemente de 


la duracién o la naturaleza de la terapéutica 
médica 
tESUMI 
Rése or iln onaire pour tubere ilose cavilatre 
ouverte bacillifére et résistante avec traitement 
par des médicaments ancillaires 


Présentation d’une analyse concernant la 
ln 


i la thiazosulfone ou la pyrazinamide 


pro 


tection temporaire offerte par viomycine 
associée 
dans 68 résections effectuées chez 62 patients, qui 
ont été observés pendant quatre a cinquante SIX 
mois. Dans ce groupe, 83,8°7 sont maintenant en 
bon état clinique, bien que 69°; seulement d’entre 


eux aient été indemnes de complications tuber 
culeuses depuis l’intervention 

Dans ce groupe de malades, ‘importance des 
facteurs mécaniques aptes 4 prévenir l’oblitéra 
quelle que soit la nature, ou la 


tion cavitaire 


durée, du traitement médical, demeure impres 


sionnante 


ndum 


Since submission of this paper, 2 of the above 
patients with bronchopleural fistulas have died. 
One, whose fistula had closed and whose disease 
had become inactive, died of cor pulmonale. The 
had fistula and tu- 
berele bacilli in the sputum following resection 
of the left 


left lower lobe 


second maintained an open 


upper lobe and superior segment of the 
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Fig. 2. J. V. J., 32-year-old white female. Onset of disease in September, 1948. Left pneumothorax, 
January, 1949, to September, 1949, discontinued because of effusion. Monaldi operation on the right in 
April, 1951. Three different courses of chemotherapy. Maximal breathing capacity of 29 liters per minute 
increased to 41 liters per minute after left decortication on March 8, 1955, although the patient required 
tracheostomy and respiratory support for six days postoperatively. On August 23, 1955, the right upper 
lobe and superior division of the right lower lobe were resected. 

a toentgenogram of December 18, 1953, showing thickened pleura on the left and cavities on the 
right. 


B. Roentgenogram of September 26, 1956, one year following surgery. One sputum culture positive for 
tubercle bacilli in August, 1957, but all cultures negative since. Patient shows dy spnea on moderate 
exertion 
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Case Reports 


ENLARGEMENT OF THE INNOMINATE AND SUBCLAVIAN ARTERIES 
SIMULATING MEDIASTINAL NEOPLASM! 


ROBERT A. GREEN? 


(Received for publication November 24, 1958) 


INTRODUCTION 


Widening of the right superior mediastinum is 
a frequent abnormal finding in chest roentgeno- 
grams, and differential diagnosis is often difficult. 
Benign and malignant primary neoplasms of the 
various glandular, lymphatic, and connective 
tissue structures of the mediastinum are common, 
as are metastatic tumors, inflammatory and 
granulomatous processes, cystic lesions, and vas- 
cular abnormalities of various types. The roent- 
genographie findings usually do not clearly point 
to a single diagnosis, and the symptoms and signs 
frequently reflect only the contiguity of the 
lesions to adjacent anatomic structures, and thus 
are also nonspecific. It is the purpose of this re- 
port to discuss enlargement of the innominate 
artery, a fairly common but infrequently em- 
phasized cause of abnormal densities in this area. 

The innominate artery originates at the upper 
portion of the ascending aorta in the superior 
mediastinum and courses upward posteriorly and 
to the right for an average distance of approxi- 
mately two inches before dividing into the right 
subclavian and right common carotid arteries. In 
the postero-anterior roentgenogram of the chest 
the normal innominate artery lies well within the 
right border of the superior mediastinum and is 
therefore not visualized. Its bifurcation is at 
just above—the level of the clavicle, also within 
the mediastinal density. The normal anatomic 


or 


relationships of the innominate artery and _ its 


appearance on angiocardiograms have been 
thoroughly described by Honig and Steinberg and 
their co-workers (1, 2). 

When the innominate artery enlarges, it most 
often projects to the right and thus its margin 
becomes visible on the chest roentgenogram at 


the right superior mediastinal border. A number 


' From the Chest Section of the Medical Service, 
Veterans Administration Hospital, Bronx, New 
York 
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of different pathologic states can cause it to en- 
large. Perhaps the most common of these is the 
buckling or kinking that occurs with hyper- 
tension and arteriosclerosis of the aorta. In this 
condition the artery is clongated, dilated, and 
tortuous, as well as buckled in its mid-portion, 
with the convexity usually to the right. Honig 
and associates (1, 2) believe that hypertension 
leads to dilatation and arteriosclerosis lengthen- 
ing of the aorta. The aortic arch becomes ele- 
vated, and this in turn leads to tortuosity and 
kinking of the innominate. 

Aneurysms are another major cause of enlarge- 
ment of the innominate artery and thus account 
for the abnormal shadow. 
Aneurysms have been known for many years, 


roentgenographic 


and a number of publications have discussed 
their clinical and roentgenographic characteristics 
(3-5). In addition, buckling, ancurysms, and 
pseudo-ancurysms (6) of the subclavian (7) and 
common carotid (8, 9) arteries can cast relatively 
similar roentgenographic shadows, although or- 
dinarily involvement of the common carotid 
artery does not cause an abnormal density on the 
chest roentgenogram (10, 11). 

Recently 4 patients were seen at this hospital 
who illustrate many of the clinical and roent- 
genographic aspects of the diagnosis and differ- 
ential diagnosis of vascular pathology in this area. 
Three of the 4 patients had significant arterial 
hypertension; and the fourth, evidence of arterio- 
sclerosis. All were in the seventh decade of life. 
All had evidence of a right superior mediastinal 
mass which arose at the level of the aortic arch 
and extended upwards for a variable distance. In 
addition, the mass bulged laterally with a smooth 
convex lateral border in all. 

In 3 of the 4 patients the mass caused no 
symptoms. Horner’s syndrome was present in one 
patient, and another may well have had a related 
pupillary abnormality. Serologic tests for syphilis 
were negative in all 4 patients, and no other 
evidence of syphilis was discovered in any of 


the 
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them. In all patients the initial diagnostic im- 
pression indicated the possibility of mediastinal 
tumor. The diagnosis was established by angio- 
cardiography in one case, by thoracotomy in 
another, and at autopsy in 2 cases. The actual 
pathology consisted of buckling and tortuosity of 
the innominate artery in 3 patients, and an 
aneurysm of the right subclavian artery in the 
fourth. These 4 cases are further described below. 


AND SUBCLAVIAN ARTERIES 


Case Reports 


Case 1. A 67-year-old male was admitted to the 
Veterans Administration Hospital, Bronx, New 
York, complaining of recent fatigue. Diabetes 
mellitus, which required 15 units of protamine 
zine insulin daily, had been present for seven 
years. The patient was a heavy wine drinker. 
Physical examination revealed moderate obesity 
and normal vital signs. Blood pressure was 110 
systolic, 76 diastolic in mm. of mercury. The right 


Case 1 


Fig. 1. A (Top left). 


right. The outer margin is smooth and convex. B (Top right). Lateral view of chest 


Postero-anterior view of chest. The superior mediastinum is widened to the 


The abnormal 


density is anterior, and arises at the level of the aortic arch. 


Fig. 2 


artery causes the abnormal shadow. 


(Bottom). Angiocardiogram, ten seconds after injection 


A dilated, elongated innominate 
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pupil was slightly larger than the left, but both 
reacted equally. The fundi were compatible with 


diabetic retinopathy. Moderate enlargement of 


the liver and spleen was found. Large eechymoses 
were present at injection sites. Laboratory studies 
revealed thrombocytopenia, elevated blood 
sugars, and abnormal liver function tests. Bone 
marrow was normal. A diagnosis of cirrhosis with 
secondary thrombocytopenia was made. 

Roentgenographic studies of the chest revealed 
a right superior anterior mediastinal mass (figure 
14 and B). The mass arose at the upper border of 
the aortic arch and curved upward to the clavicle, 
with a smooth convex outer margin. Pulsations 
were not demonstrated by fluoroscopy, nor did 
the mass move with swallowing. One observer 
believed that coughing caused reduction in the 
size of the mass. No uptake of radioactive iodine 
was noted over this region. Angiocardiography 
demonstrated that the innominate artery was 
deviated slightly to the right and was tortuous, 
thus producing the masslike shadow on the roent 
genogram (figure 2). The patient was discharged, 
and when seen one vear later was asymptomatic. 
The roentgenogram was unchanged. 


Comment: This patient had no evident arterial 
hypertension, but diabetes and some evidence of 
arteriosclerosis were present. An asymptomatic 
superior mediastinal mass was found which was 
nonpulsatile but which may have become smaller 
with increased intrathoracic pressure. The most 
important diagnostic procedure performed was 
angiocardiography, and this clearly demonstrated 
a buckled innominate artery. 

The fluoroscopic characteristics of the buckled 
innominate artery have not been described. When 
aneurysms were present, pulsations were noted by 
Gay and Walker (5) in half of their cases, al- 
though no changes occurred upon performing the 
Mueller Warfield (3) 


noticed pulsation in only one of twenty cases of 


or Valsalva maneuver. 
innominate ancurysm. The infrequent demon- 
stration of pulsations is presumably due to the 
presence of clot within the dilated vessel. 

The importance of angiocardiography in the 
diagnosis of abnormal mediastinal shadows is 
generally accepted, and has been demonstrated 
was of 


by numerous investigators (12, 13). It 


paramount importance in this case. 


Case 2. A 60-year-old male complained of swell- 
ing of the right upper eyelid, and a chalazion was 
found by his ophthalmologist. Following regres- 
sion of the chalazion, drooping of the eyelid was 
noted, and the patient was admitted to the Vet 
erans Administration Hospital, Bronx, New York. 
No history of trauma or visual disturbances was 
obtained, and systemic review was totally nega- 


A. GREEN 
tive. Physical examination revealed a definite 
right Horner’s syndrome, consisting of miosis, 


ptosis, enophthalmos, and diminished sweating of 
the right side of the face. The right pupil measured 
2 mm., the left 4 mm., in diameter. Although 
epinephrine in high concentrations dilated both 
pupils, the right pupil failed to dilate upon appli- 
cation of cocaine. Ophthalmometry confirmed the 
presence of enophthalmos. Except for blood 
pressure of 190 systolic, 100 diastolic in mm. of 
mercury, the remainder of the physical examina 
tion was entirely normal. Hematologic and blood 
chemical studies were normal. Serologic tests for 
syphilis were negative. An electrocardiogram re 
vealed changes consistent with left ventricular 
hypertrophy. 

Roentgenograms of the chest demonstrated a 
right paratracheal and apical soft tissue density 
(figure 3A). Its outer margin, consisting of the 
mediastinal pleural reflection, was smooth. The 
lesion was more clearly seen on apical lordotie 
films (figure 3B). Roentgenograms of the cervical 
spine revealed minimal osteoarthritic hypertro 
phie changes, and an esophagram was normal. 
The lung fields functioned normally on fluoro- 
scopy, and indirect laryngoscopy showed no 
abnormalities of the vocal cords. Tomography 
located the lesion in the anterior mediastinum and 
demonstrated that a solid density with a smooth 
convex outer border was present within the medi 
astinal pleural shadow (figure 3C). No abnormal 
lymph nodes were found by biopsy of the right 
scalene fat pad. 

Because of the Horner’s syndrome and abnor- 
mal mass shadow, a diagnosis of tumor was made, 
and exploratory thoracotomy was performed. A 
redundant, elongated, and tortuous innominate 
artery was found without aneurysmal dilatation. 
The vessel made an S-shaped curve with its 
greater convexity laterally. The entire superior 
mediastinum and paravertebral area were care 
fully explored, and no other abnormality was 
discovered. There was no change in the roentgeno- 
gram or Horner’s syndrome following the opera- 
tion or one vear later, when the patient was seen 
at a follow-up visit. 


Comment: The abnormal eye findings domi- 
nated the clinical picture in this patient, and un- 
fortunately the diagnosis of tumor seemed so 
definite that angiocardiography was not  per- 
formed. In retrospect, the roentgenograms sug- 
gested the artery 
buckling, although the degree of lateral convexity 
due to buckling was less than in other cases. In 
fact, it was minimal in the postero-anterior view 
and only clearly demonstrated in the lordotic 
film. Actually, this diagnosis can never be made 
with certainty on conventional roentgenograms 
(1); however, the anterior location of the shadow, 


possibility of innominate 


its smooth curved outer margin, and its origin 
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A (Top left). Postero-anterior view of chest. The right superior mediastinum is wide. B (Top 


right). Apical lordotic view of chest. Note the convex outer border. C (Bottom). Tomogram, 12 em. 
from posterior chest wall. The density is anterior and the border smooth. 


from the region of the aortic arch are all sug- 
gestive. Hypertension was present, but no stig- 
mata of arteriosclerosis were described. 

The eye findings in this patient are of great 
interest, and apparently are by no means unique 
when vascular abnormality is present in this area. 
Pupillary abnormalities, not otherwise described, 
were found in 44 per cent of Gay and Walker’s 
innominate aneurysms; it would 
appear that the pupil on the side of the aneurysm 
was dilated in most of the patients, due to pressure 
upon and stimulation of the cervical sympathetic 


series (5) of 


nerves by the aneurysm. Similar findings are re- 
ported by Warfield (3). It is of interest to note 


that the right pupil was described as larger than 
the left in Case 1, although further studies were 
not performed to elucidate the abnormality. In 
Case 2, Horner’s syndrome was demonstrated 
both clinically and by the pupillary reactions to 
cocaine and epinephrine (14); it might be inferred 
that the pressure from the abnormal vessel had 
eventuated in paralysis of the sympathetic nerves. 
Honig and associates (1) mention a patient with 
Horner’s syndrome and a syphilitic aneurysm; 
the patient of the present case would appear to 
be the first described in whom this occurred due 


to a non-aneurysmal buckled artery. 


| 
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Case 3. A 64-year-old male was transferred to 
the Veterans Administration Hospital, Bronx, 
New York, for study of a possible mediastinal 
tumor. He had been hospitalized elsewhere be 
cause of mental confusion, dyspnea, and hyper 
tension of unknown duration. There was a long 
history of chronic renal disease. Cachexia, confu- 
sion, and marked arteriosclerosis of the peripheral 
arteries were noted. Blood pressure was 220 sys 
tolic, 120 diastolic in mm. of mercury. Serologic 
tests for syphilis were negative. Azotemia and 
were present, and renal function 
tests marked impairment. Roentgeno 
graphic studies of the kidneys revealed an atrophic 
left kidney and a possible left suprarenal mass. A 
large superior mediastinal density was present on 
the film (figure 44). Bronchoscopy and 
scalene node biopsy were unrevealing, and the 
patient was transferred to this hospital for further 


albuminuria 
showed 


chest 


investigation. 

Here, hypertension and evidence of renal in 
sufficiency persisted, and mild diabetes was also 
discovered. Additional roentgenograms 
extrinsic pressure on the esophagus at the site of 


revealed 


the mass which was thought to have increased in 
figure 4B). The uncoiled. The 


symptoms were be due to 


size aorta was 


cerebral believed to 
cerebral arteriosclerosis, but metastatic neoplasm 
could not be ruled out. One observer at fluoros 
copy noted pulsations in the mass which were not 
thought to be transmitted, and a diagnosis of in 
nominate arterial aneurysm was suggested. Angio 

Renal failure 
developed, and 


eardiography was unsuccessful. 


progressed, bronchopneumonia 


the patient died. 
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At autopsy an atrophic left kidney and bilateral 
pyelonephritis were found. Multiple areas of old 
encephalomalacia were present. Marked athero- 
sclerosis calcification of the aorta and its 
tributaries were noted. The innominate artery 
was wide and a large aneurysm measuring 5 to 6 
em. in diameter was found at and distal to its 
bifureation (figure 5). The aneurysm actually in- 
volved the subclavian artery rather than the 
innominate. It was filled with laminated throm- 
bus, but the lumen was patent. Microscopic sec- 
tions did not reveal evidence of syphilis. 


Comment: Marked hypertension and _arterio- 
sclerosis were both present in this patient, as well 
as diabetes and renal insufficiency. Although in- 
nominate arterial aneurysm was suspected clin- 
ically, the mediastinal and possible suprarenal 
masses in addition to the progressive cerebral 
dysfunction suggested the possibility of tumor. 
This seemed more likely when the mass appeared 
As 


ancurysm of the subclavian artery, this apparent 


to increase in size. autopsy revealed an 
enlargement may have represented an increase in 
the size of the ancurysm or may have been due 
to a difference in roentgenographie technique. 
The degree of inspiration at the time of exposure 
of the film in figure 4B is considerably less than 
that in figure 44. This would tend to elevate all 
of the thoracic contents, including the aorta, and 
thus further buckle the innominate artery to the 


Case 3 


Fia. 4 


1 (Left). Postero-anterior view of chest. The heart is enlarged, the aorta prominent, and a 


large density is present in the right superior mediastinum. B (Right). Four months later. The abnormal 


shadow appears larger. 
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Fia. 5. Case 3. Autopsy specimen. The innominate artery is wide. At its bifurcation a large aneurysm 


of the subelavian arises. 


right, simulating a real enlargement of the den- 
sity. In future patients, an attempt should be 
made at fluoroscopy, or by films taken in inspira- 
tion and in expiration, to determine if abnormal 
vascular shadows buckle to the right significantly 
more than do solid tumors. If so, this might be- 
come a valuable sign in differential diagnosis. It 
should also be noted that fluoroscopic pulsations 
were seen in this patient in spite of the presence 
of a large amount of laminated thrombus, but 
widening upon expiration was neither looked for 
nor described. 

The thoracic aorta was distinctly uncoiled and 
In Warfield’s 
(3) series of twenty cases of innominate arterial 


tortuous in the patient of Case 3. 


ancurysm, involvement of the aorta was present 
in all cases and, in fact, Warfield believed that 
innominate arterial ancurysms probably did not 
occur without prior or concomitant involvement 
of the aorta. Gay and Walker (5), however, found 
a normal aorta in one-third of their patients. 
Both to syphilitic 
aortitis and syphilitic 


writers referred basically 


innominate aneurysm. 


Serologie tests were positive in 75 per cent of the 


patients in both groups, and Gay and Walker 
(5) believed that syphilis was the cause of the 
aneurysm of the innominate artery in all of their 
eighteen cases, expressing the opinion that an 
authenticated case of a purely arteriosclerotic in- 
nominate aneurysm was not to be found in the 
literature. The serologic test was negative in 
Case 3, and the microscopic sections of the major 
vessels did not reveal any evidence of syphilitic 
involvement. 

After Cases 1 to 3 were seen and the present 
writer and his associates had become familiar 
with the type of shadow that enlarged brachio- 
cephalic vessels in this area cast upon the roent- 
genogram, as well as the clinical background of 
hypertension and arteriosclerosis in most patients, 
many instances of various degrees of this ab- 
normality were diagnosed during the routine 
study of patients admitted for other reasons. In 
most of these patients no further diagnostic work 
was done, as the lesions were asymptomatic and 
appeared typical from a clinical and roentgeno- 
graphic standpoint. Occasionally, however, the 
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Fic. 6. Case 4. The left upper lobe is nonaerated and the left diaphragm is elevated. Note the curved 
density extending up and to the right from the aortie arch. 


opportunity to confirm the diagnosis arose. A 
report on one such patient is presented below. 


Case 4. A 62-year-old male was admitted to the 
hospital complaining of cough, weight loss, and 
hoarseness. Breath sounds were diminished over 
the left anterior chest. Blood pressure was 170 
systolic, 110 diastolic in mm. of mercury. A roent 
genogram revealed opacification of the entire left 
upper lobe and a smooth curvilinear shadow in the 
right superior mediastinum (figure 6). At bron 
choscopy a friable bleeding mass at the orifice to 
the left upper lobe was visualized. The left vocal 
cord and left diaphragmatic leafiet were para 
lyzed, and the situation was deemed inoperable. 

The superior mediastinal shadow was suggestive 
of a buckled innominate artery but, in view of the 
presence of a carcinoma, metastatic disease in 
the area was thought likely. The patient gradu 
ally failed, death ultimately being due to pericar 
dial involvement by the tumor. At autopsy a 
bronchogenic carcinoma was found at the left 
which had invaded the surrounding 
including the pericardium and myo 
cardium. The great were atheromatous, 
and the innominate artery tortuous. No tumor 
was present in the superior mediastinum. 


lung root 
structures, 
vessels 


DISCUSSION 


The clinical picture of aneurysms of the in- 
nominate artery has been deseribed by many 


writers (1, 3, 5, 8). \ pulsatile mass at the base 
of the neck, local pain, cough, dyspnea, hoarse- 
ness, dysphagia, pupillary abnormalities, and 
pain, temperature changes, and clubbing of the 
fingers in the right arm appear to be frequent. 
The symptoms are progressive, and death may 
result from eventual rupture of the aneurysm. 
Because of this a surgical approach has been ad- 
vocated by various writers (4, 9, 15, 16). 
Buckling, on the other hand, is a benign con- 
dition with no surgical implications, of impor- 
tance mainly because of the difficulty in differ- 
entiating it from other more serious abnormal 
conditions in the superior mediastinum. In fact, 
one of the patients of Honig and associates (2), 
as well as the patient of Case 2 of this series, was 
subjected to thoracotomy before the correct di- 
agnosis was made. Symptoms are rarely ascribed 
to the buckling in most discussions of the subject 
(1, 2,8, 10), and the only physical findings noted 
are increased pulsations, oceasionaily with a 
bruit, at the base of the neck. It has been sug- 
gested that, when the pulsatile swelling is noted, 
the kinking involves mainly the common carotid 
the innominate 


in addition to—or rather than 


(11). This is especially true if an abnormal roent- 
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ANEURYSMS OF INNOMINATE 


genographic shadow does not accompany the 
pulsation (10). Horner’s syndrome, which was 
present in Case 2, is a rather unique finding, as 
previously discussed. Unlike aneurysms, which 
are infrequently encountered, buckling or elonga- 
tion and tortuosity of the innominate without 
buckling is quite common: Honig and co-workers 
found an incidence of 17 per cent in an angio- 
eardiographic study of hypertensive and/or ar- 
teriosclerotic patients (2). The majority of in- 
stances of buckling are found in this type of 
patient, and this was true of the 3 cases in the 
present series. In each of these 3 patients, roent- 
genographic evidence of widening of the thoracic 
aorta ol varying degree, indicating arterioscle- 
rotic change, was present. This was also found in 
the series of Parkinson and associates (10). 

The differential diagnosis of right superior 
mediastinal shadows includes substernal thyroid, 
benign and malignant tumors, congenital cysts, 
granulomas, aneurysm of the aortic arch, dilata- 
tion of the superior vena cava, nonspecific medi- 
astinal pleural thickening, and opacification of 
the paramediastinal portion of the right upper 
lobe by various processes. When the shadow is 
smooth in contour, arises at the level of the 
aortic arch, has a convex outer border, and oecurs 
in a hypertensive or arteriosclerotic patient with 
few or no symptoms ascribable to the shadow, a 
diagnosis of enlargement of the innominate artery 
or its tributaries should be seriously considered. 


SUMMARY 


A report on 4 patients has been presented in 
whom enlarged innominate arterial shadows 
simulated mediastinal neoplasms. The actual 
pathology consisted of buckling of the innominate 
artery in 3 patients and an arteriosclerotic 
aneurysm of the subclavian artery in the fourth. 
Aspects of the differential diagnosis of these con- 
ditions have been discussed. Enlargement of the 
innominate artery should be considered when 
hypertensive or arteriosclerotic patients are noted 
to have asymptomatic right superior mediastinal 
shadows of the type deseribed. 


SUMARIO 


Hipertrofia del Tronco Braquiocefélico de la 
Arteria Subclavia Simulando Neoplasia del 
Vediastino 
Se presentan los casos de 4 enfermos en quienes 
las sombras del troneo braquiocefdlico hipertro 
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fiado simulaban neoplasias mediastinicas. La 
verdadera histopatologia consistia en acodadura 
del tronco braquiocefdlico en 3 enfermos y en 
aneurisma arteriosclerético de la arteria subclavia 
en el otro. Se discuten los aspectos que reviste el 
diagnéstico diferencial de dichas dolencias. Hay 
que considerar la hipertrofia del tronco braquio- 
cefdlico cuando se nota que enfermos hipertensos 
o arterioscleréticos muestran imégenes asintomati- 
cas del género descrito en la porcién superior 


derecha del mediastino. 


RESUME 


Elargissement des artéres innominées et 
sous-claviéres simulant néoplasic 


médiastinale 


Quatre patients chez lesquels l’opacité d’une 
artére innominée élargie simulait une néoplasie 
médiastinale ont été présentés. Les lésions patho- 
logiques actuelles consistaient en une distension 
de l’artére innominée chez 3 malades et un ané- 
vrisme artérioscléreux de | artére sous-clavitre chez 
l'autre. Les aspects du diagnostic différentiel dans 
ces conditions ont été commentés. Il y a lieu de 
penser A l’élargissement de l’artére innominée, 
quand on observe chez des malades hypertendus 
ou artérioscléreu de telles opacités médiastinales 
asvymptomatiques dans la région supérieure droite 
du thorax. 
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TOXIC PSYCHOSIS DUE TO ISONIAZID! 


Report of Three Cases with Studies of Patterns of Isoniazid Inactivation in the Serum 


AVRUM B. ORGANICK 


(Received for publication October 14, 1958) 


INTRODUCTION 


Toxic psychosis is an uncommon complication 
of isoniazid treatment for tuberculosis; neverthe- 
less, since 1952, when isoniazid was first intro- 
duced for general use, reports of toxie psychosis 
have appeared with some regularity in the liter- 
ature. Such reports usually have fallen into one 
or the other of two groups. The first is the group 
ol reports of toxic psychosis which occurred in 
patients who received isoniazid in doses of 4 to 
10 mg. per kg. in the treatment of tuberculosis 
(1-14); the second is the group of reports of cer- 
ebral toxicity in persons who ingested massive 
amounts of isoniazid, usually with suicidal intent 
(15-18). 

Between May, 1957, and May, 1958, on the 
36-bed tuberculosis ward at the Denver General 
Hospital, toxic psychosis was seen in 3 patients 
who received a dosage of 12 mg. per kg. per day. 
For three reasons it is timely to report these 
cases: (1) to eall attention again to psychosis as 
a manifestation of isoniazid toxicity at a time 
when the use of isoniazid in higher doses (12 mg. 
per kg. per day) is gaining wider acceptance (19); 
(2) to report the results of determinations of 
patterns of inactivation of isoniazid in the serum 
of these patients; and (3) to describe how patients 
manifesting toxic organic reactions on a 12 mg. 
per kg. per day dose may tolerate isoniazid in 


low cr at ses, 


Case Reports 


Case 1. (D.G.H. #78628). T.W., a 43-vear-old 
Negro waiter, previously in good health, was ad- 
mitted to the Denver General Hospital on Sep 
tember 10, 1957, with hemoptysis. A chest roent 
genogram revealed a cavity at the level of the first 
interspace on the right with infiltration in the 
right lower and left mid-lung field. The sputum 
Was positive on microscopy for acid-fast bacilli, 
and subsequently cultures of the sputum proved 
positive for M/. tuberculosis. Test doses of isoniazid 


‘From the Tuberculosis Service, Denver Gen- 
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were given, and blood was drawn for determina- 
tion of serum concentrations by the method 
described by Bell and Riemensnider (20); when 
these determinations were completed, treatment 
was started on September 20, 1957, consisting of 
isoniazid, 900 mg. per day (12 mg. per kg. per day) ; 
streptomycin, 1.0 gm. per day; PAS, 12.0 gm. 
daily; and pyridoxine, 50 mg. per day. Para- 
aminosalicylic acid was discontinued on October 
10 because of the appearance of febrile episodes 
representing an idiosyncrasy to PAS. On October 
21 the patient complained of loss of hearing. On 
examination he was found to be lethargic, slow of 
speech, and confused. He was ataxic and walked 
on a wide base. The ataxia and loss of hearing 
were believed to manifestations of strepto- 
mycin toxicity and, accordingly, streptomycin 
was discontinued on October 21. Over the next 
several days the patient’s ataxia diminished, but 
he became increasingly lethargic and slow of 
speech. On October 29 his confusion was more 
marked, the patient wandered aimlessly about the 
ward, and on October 30 during the early morning 
hours he was found crouching beneath the bed, 
fearful, and shouting that his bed was on fire. 
Nevertheless, he recognized the nurse and cried 
“What am I doing here?’’ It was clear that the 
patient’s behavior represented a toxic delirium, 
probably due to isoniazid; accordingly, isoniazid, 
as well as all other medication, was discontinued 
on October 30. The patient was fearful and refused 
a lumbar puncture at this time but consented to it 
on November 5. The lumbar puncture revealed 
normal cells, and values for protein, 
sugar, and chlorides. Clearing of the sensorium 
over the next fourteen davs was gradual but 
steady following cessation of isoniazid. 
Repeating a test dose of PAS on November 29, 
a febrile reaction was noted almost immediately, 
and all further efforts to administer PAS were 
abandoned. Streptomycin was tolerated in a test 
dose of 0.5 gm., and regular daily 0.5-gm. doses 
of streptomycin were resumed on December 5. 
Further thought was then given to the use of 
isoniazid again, this time in lower doses, in order 


be 


pressure, 


to supplement streptomycin which, at that time, 
was the only antituberculous agent the patient 
was receiving. Serum bioassay after a single test 
dose of 4 mg. per kg. of isoniazid had revealed 
serum isoniazid concentrations of 3.2 y per ml. 
at two hours, and 1.6 y per ml. at six hours. These 
data indicated that the patient belonged to the 
group of patients who are capable of achieving 
high serum concentrations of biologically active 


= 


800 


isoniazid and who inactivate isoniazid slowly. It 
was believed at the time that high and sustained 
serum concentrations of isoniazid played a role 
in the production of the toxie psychosis. It was 
hoped that serum concentrations might be ob- 
tained with a smaller dose of isoniazid which, 
although still within the therapeutic range, might 
be better tolerated. After obtaining blood for 
determination of serum-isoniazid concentration 
following a test dose of 2 mg. per kg., isoniazid 
was readministered in a dose of 150 mg. per day 
2 mg. per kg. per day) starting December 19. 
This dose was well tolerated without return of 
confusion, memory loss, or delirium 

Serum bioassay following the 2 mg. per kg. test 
dose revealed concentrations of 1.6 4 per ml. at 
two hours and of 0.8 y per ml. at six hours. Follow 
ing a test dose of 50 mg. or 0.6 mg. per kg. (repre 
senting one-third of the total daily dose), serum 
isoniazid concentrations were 0.8 y per ml. at two 
hours and 0.4 y per ml. at six hours 

Streptomycin was reduced in dosage to 0.5 gm 
twice a week because of pruritus, and eventually 
it was discontinued on March 21, 1958, because of 
rising blood urea nitrogen (to 45 mg. per 100 ml.). 
Urine examined admission revealed micro 
scopic pyuria and hematuria. Investigation of the 
kidneys revealed a nonvisualized kidney on the 
left and ecaliectasis on the right. Urine cultures for 
V. tuberculosis were never positive, but the pres- 
ence of renal tuberculosis was suspected. 

Chest roentgenograms revealed marked 
provement, and serial laminagrams demonstrated 
closure of the cavity present on admission. The 


im 


sputum became negative for tubercle bacilli after 
October, 1957, and has remained so. The patient 
was discharged with arrested disease on August 1, 
1958. 


Comment: This patient at first manifested the 
rather complicated clinical picture of two types 
of toxicity combined, that of eighth-nerve toxic- 
ity due to streptomycin and of a toxic confusional 
state due to isoniazid. Renal insufficiency favored 
the development of eighth-nerve toxicity. Did 
renal insufficiency in any way favor the develop- 
ment of toxic psychosis following isoniazid? Renal 
insufficiency has not been described as a contrib- 
uting factor in the reported cases of isoniazid 
psychosis. Mitchell and Bell (21) found no correla- 
tion between renal insufficiency and concentra- 
tions of biologically active isoniazid in the serum. 

This patient however was a “slow inactivator” 
of isoniazid, and presumably had high serum con- 
centrations of isoniazid (although these were not 
measured) during the time when he was showing 
signs of mental confusion. It is of interest, there- 
fore, to review a previous case of toxic psychosis 
due to 
studies had been done. 


isoniazid in which serum inactivation 
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2 (D.G.H. & 67830). H.C., a 65-vear-old 
practical nurse, entered the Denver General 
Hospital on March 21, 1957, with a reactivation of 
pulmonary tuberculosis. Blood studies revealed a 
hypochromic, microcytic anemia with a hemo- 
globin of 8.5 gm. per 100 ml. On May 15 two 
sputum smears were positive for acid-fast bacilli 
and cultures of these specimens 
proved posit ive for WV. tuberculosis. After testing of 


Case 


subsequent!\ 


serum isoniazid concentrations following a stand- 
ard 4 mg. per kg. test dose, treatment was started 
on May 24, 1957, with isoniazid, 700 mg. per day 

12 mg. per kg.); PAS, 12 gm. daily; streptomycin, 
0.5 gm. daily; and pyridoxine, 50 mg. per day. On 
May 27, three days after starting treatment, the 
patient complained that she was mentally unclear, 
that her “head was whirling,’’ and that she feared 
she was losing her mind. She was distressed over 
finding herself doing something and not knowing 
why, finding herself walking somewhere and not 
knowing why she had set out. Because of these 
symptoms and the possibility that they repre- 


sented a toxie psychosis, isoniazid was discon- 


tinued on May 27. On the following day the 
patient was much less anxious, had no further 


complaints of memory loss or confusion, and 
thereafter she remained mentally clear. 

On July 1, however, isoniazid was restored in 
a dosage of 300 mg. per day (6 mg. per kg. per 
day). On July 7 the patient again complained that 
the isoniazid was ‘‘affecting her mentally.’’ Over 
the next several days she reported that, while she 
felt well in the mornings, towards evening she 
would have periods of ‘blanking out of the mind” 
and that she would feel ‘‘off the beam.”’ 

On July 18 the patient’s case was reviewed, and 
consideration was given to the serum-isoniazid 


concentrations. After a test dose of 4 mg. per kg. | 


of isoniazid, the serum concentrations were 0.4 7 
per ml. at two hours and less than 0.2 y per ml. 
at six hours. These data indicated that the patient 
was a “rapid inactivator” of isoniazid. Accordingly, 
the dose of isoniazid was increased to 800 mg. per 
day (16 mg. per kg. per day). Following this 
increase in dosage, the patient’s complaints about 
and anxiety over her memory loss increased. On 
July 30 she complained that she felt “‘just muddled 
up all the time,’’ and on August 3 that she could 
“hardly remember her own name.”’ On August 6 
she feared she would be unable to control 
impulses to jump out of the window and she re- 
fused thereafter to take any more isoniazid 
Isoniazid was therefore discontinued and _ her 
mental status returned to normal within two days. 


Comment: Administration of isoniazid on two 
separate occasions was followed by the develop- 
ment of symptoms of confusion, memory loss, and 
anxiety, the symptoms being more severe with 
increase in the dose of isoniazid. Each time the 


her 


symptoms disappeared promptly when isoniazid | 


was discontinued. 
The administration of isoniazid, therefore, was 
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TOXIC PSYCHOSIS 
a necessary factor in the development of this 
picture. In this case an additional factor seems to 
have been operative, that of anemia. Lewis (22) 
in 1952 reported that anemia was a factor in 
predisposing to the neurologic side effects of 
isoniazid. Nervousness, irritability, and somno- 
lence were more frequently seen in older persons 
and in patients with anemia. After careful study 
of this patient, it was concluded that the anemia 
related to 
later disappeared as her general condition im- 
proved with treatment of her tuberculosis with 


was chronic infection. The anemia 


streptomycin and PAS. 

Serum inactivation studies revealed that this 
patient was a “rapid inactivator.”’ High serum 
concentrations of free, biologically active iso- 
niazid could not be presumed to have played a 
role, although serum concentrations were not 
measured during the time she was manifesting 
symptoms of the toxic state. 

During the time that these 2 cases were being 
reviewed, a third case came to the attention of 
the 
different situation, namely, an exacerbation due 


writer. This case represented a somewhat 
to isoniazid of a toxic delirium in a person who 


had recently had one. 


Case 3 (D.G.H. #89344). R.B., a 76-year-old 
Russian Jewish widow, was transferred to the 
Denver General Hospital on March 14, 1958. A 


diagnosis of active, far advanced pulmonary tu 
berculosis had been made on the basis of a chest 
roentgenogram and on the finding of acid-fast 
bacilli on microscopy of the sputum. 

Two days prior to being transferred to the 
Denver General Hospital the patient began to 
express paranoid ideas and attempted suicide by 
swallowing several sharp metallic objects and 
coins. On admission to the Denver General Hos 
pital she was found to be a thin, elderly, uncoop- 
erative, resistive woman who expressed ideas of 
futility, hopelessness, and paranoia, stating: 
“What’s the use? I am going to die anyway. Why 
don’t you just kill me and get it over with? They 
killed my brother and now they are going to kill 
me because I know too much.’’ On physical exam 
ination, dullness, bronchial breath sounds, and 
rales were noted over the left upper lungfield. A 
chest roentgenogram revealed far advanced pul- 
monary tuberculosis with a 4-em. cavity in the 
left upper lobe; acid-fast bacilli were found in 
the sputum, and the cultures were positive for 
M. tuberculosis. 

During the first several days following admis- 
sion the patient’s mental status improved 
steadily; she became more cooperative, expressing 
fewer feelings of depression and ceasing to express 
paranoid ideas. After ten days it was believed 
that she had returned essentially to normal. It 
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was the opinion of the psychiatric consultant that 
the patient had a personality with paranoid 
features and that the acute reaction represented a 
toxie delirium, the patient having received me- 
peridine (Demerol®), chloral hydrate, and an 
antihistaminie preparation called Triaminic® 
while at another hospital. 

Following determination of serum-isoniazid 
concentrations, specific antituberculous treatment 
was started on March 24, 1958, as follows: isoni- 
azid, 12 mg. per kg. per day or 500 mg. per day in 
divided doses; streptomycin, 0.5 gm. daily; PAS, 
12.0 gm. per day; and pyridoxine, 50 mg. per day. 

Because of pruritus, streptomycin and PAS 
were discontinued on May 2. 

During the sixth week of isoniazid therapy, 
the patient began report hearing voices of 
other patients and of the ward personnel whisper- 
ing, “She is going to die tonight; she is going to 
die tonight.’’ When the doctors were present in 
the room, however, she heard no voices. She 
showed some awareness of her difficulty stating 
that she “sick in the head”’’ and that her 
“mind isn’t working right.’’ Over the next several 
weeks the patient reported that she heard the 
voices all day long, and she became increasingly 
anxious. These ‘‘voices’’ were misinterpretations 
of actual voices of nurses in the nurses’ station or 
of the hospital page-svystem loudspeaker; they 
probably represented illusions rather than hallu- 
cinations. It was believed that these phenomena 
represented a toxic-organic psychosis, probably 
due to isoniazid; accordingly, isoniazid was dis- 
continued on June 6. 

Over the next several days the patient became 
less anxious and fearful, and she reported that the 
‘“‘voices’’ had disappeared entirely by the tenth 
day and that she felt calm and hopeful. 

On June 16 she received a single test dose of 
isoniazid of 650 mg. or approximately 15 mg. per 
kg. Eight hours after this single dose she again 
appeared to be fearful and anxious, and twenty- 
four hours later she again expressed overt ideas of 
persecution, stating: ‘““They are going to kill me 
tonight in this bed like a rat. I cannot stay here 
any longer.’’ Extremely fearful, she dressed and 
refused to return to her room, whereupon she was 
transferred to the psychiatric ward. The ‘“‘voices”’ 
disappeared and she was much less agitated by 
June 19, but she persisted in her conviction that 
the tuberculosis ward was like a ‘‘Nazi concentra 
tion camp.”’ 

On July 1, 1958, the patient was transferred 
back to the ward, accepting this 
calmly. Over the next seven days, still re- 
eeiving isoniazid, she was observed to be calm 
without fear or anxiety, and she denied hearing 
any voices. At this time the patient was receiving 
no chemotherapy for her tuberculosis. Since iso- 
niazid was still required for treatment of the 
disease, it was important to determine if she would 
tolerate isoniazid in daily doses of less than 12 


to 


was 


tuberculosis 
not 


mg. per kg. Accordingly, on July 8 isoniazid was 
resumed in a total dose of 5 mg. per kg. per day in 
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livided doses. After two weeks on this dose 
she began to manifest mild anxiety and 
would admit on questioning to some ideas of per- 
She has been maintained on this dose of 
isoniazid for three months without any increase 
in symptoms, and she remains cooperative. Unless 


three « 


again 


secution 


mental deterioration occurs, no further reduction 
in the dose of isoniazid is contemplated. 

to determine the pattern of 
isoniazid inactivation revealed that this patient 
after a single test dose of 4 mg. per kg. achieved 
per 


Serum bioassay 


isoniazid concentrations in the serum of 0.4 5 


ml. at two hours and less than 0.2 y per ml. at six 


hours, indicating that she was a “rapid inacti- 
vator.”’ 

Comment: The temporal relationship between 
the administration of isoniazid and the appear- 
ance oO! nniety and paranoid ideation observed 


repeatedly in this patient leaves little doubt that 
administered isoniazid was the cause of the toxic 
state eacl 
clear despite the underlying paranoid personality 
the patient and the fact that drugs 


time. This causal relationship seemed 


disorder 
other than isoniazid had produced similar reac- 
tions in the past. Wolff and Curran (23) describe 
the 
point 


“(ysergastic reaction” or toxic delirium and 
it that the content of such reactions is 
dependent upon the underlying personality dis- 
order rather than upon the offending agent. Para- 
noid misinterpretations in the toxie state, they 
point out, are common in persons who have been 
inordinately suspicious. These writers describe a 
case in which a toxic state appeared on two occa- 
sions with different offending agents each time 


hich the toxic states were similar. 


and in 
DiIscUSSION 
The 3 patients described in this report devel- 
oped classic features of toxic or confusional 


psychosis while receiving isoniazid in a dosage of 


12 mg. per kg. per day. In all of these cases it 
was possible to demonstrate that, while definite 


symptoms appeared at the 12-mg. per kg. dosage 


of isoniazid, reduction in dosage resulted in either 
the complete disappearance (as in Case 1), or in 
the diminution of the severity, of the symptoms 
(as in Cases 2 and 3). These cases would indicate 
that confusional psychosis due to isoniazid repre- 
sents a dose-response phenomenon and not drug 
idiosvynerasy. Abundant evidence supports this 
view. Numerous reports indicate that toxic con- 
fusional states appear quite regularly in persons 
who ingest, usually with suicidal intent, massive 
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amounts of isoniazid. In contiast, toxic psychosis 
is extremely uncommon in patients receiving 
isoniazid in doses of 3 to 5 mg. per kg. per day 
In individual cases, Hunter (1) and Pleasure (9 
demonstrated that symptoms would appear on 
the higher of two doses of the drug, but that lower 
doses would be well tolerated. 

With the results of the serum isoniazid deter- 
minations (20, 21) in the patients whose cases 
are reported here, some correlation was sought 
between the pattern of inactivation of isoniazid 
and the appearance of toxie psychosis. A priori, 
it would be expected that toxic psychosis would 
be associated with a pattern of slow inactivation 
of isoniazid and, by inference, perhaps high con- 
centrations of biologically active, or free, uncon- 
jugated isoniazid. Examination of the data from 
Case 1 is in accord with this hypothesis. The 
second and third CaASCS, however, failed to show 
any correlation between slowness of inactivation 
of isoniazid and cerebral symptoms. The patients 
of the second and third cases fall into the category 
of rapid inactivators of isoniazid; they did not 
achieve high serum concentrations at two hours 
and they did not maintain even small concentra- 
tions of isoniazid at six hours. 

Some comment on the relationship of peripheral 
neuritis and toxic psychosis as manifestations of 
isoniazid toxicity seems in order. In the first cases 
of confusional psychosis due to isoniazid to be 
reported, Hunter (1) and MeConnell 
Cheetham (2) described the concomitant appear- 
ance of peripheral neuritis in the same patient. 


and 


It seems, however, that cases of psychosis and 
neuritis occurring together in the same patient 
represent ingested isoniazid producing two differ- 
ent types of toxicity. Certainly, peripheral neu- 
ritis was a much more common type of toxic 
manifestation before the general use of pyri- 
and it occurred most of the time without 
psychosis. Furthermore, toxic psychosis unaccom- 


doxine, 


panied by peripheral neuritis has been reported 
numerous times. In the cases described in this 
report, all 3 patients received pyridoxine in doses 
per day while receiving isoniazid in a 
per kg. While pyridoxine may 


of 50 mg. 
dose of 12 mg. 
have prevented the emergence of peripheral neu- 
ritis (24), it did not protect these patients against 
the development of toxic confusional psychosis. 

Ross (25), 


pyridoxine hydrochloride to prevent isoniazid 


reporting recently on the use of 
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toxicity, found the same thing, namely, that 
pyridoxine did not prevent the development of 
toxic psychosis in patients who received 20 mg. 
of isoniazid per kg. per day. Biehl (26) had also 
made the same observation with three of forty- 
eight patients who developed toxic psychosis on 
20 mg. of isoniazid per kg. per day despite having 


received pyridoxine. 
SUMMARY 


Three cases of toxic pS\ chosis which developed 
in patients receiving isoniazid in doses of 12 mg. 
per kg. per day are reported. It is timely to call 
attention to this complication of isoniazid therapy 
when higher doses of isoniazid are being employed 
in the treatment of tuberculosis. 

Studies of rates of inactivation of biologically 
active isoniazid in the serum were obtained in 
these 3 patients. One patient was a slow inacti- 
vator of isoniazid; the other 2 were rapid inacti- 
vators. It was not possible to make any correla- 
tion between slow inactivation of isoniazid and 
toxic psychosis. Administration of 50 mg. per day 
of pyridoxine did not prevent toxic psychosis. 
the 


psychosis on a 12 


Two of 3 patients who developed a toxic 


mg. per kg. daily dose of 


isoniazid tolerated lower doses. 


SUMARIO 


Debida a la Isoniacida: 


Tres Casos con Estudios 


Psicosis Toxica 
Presentacion de 
de los Patrones dé 


la Isoniacida en el Suero 


la Inactivacion de 


Preséntanse 3 casos de psicosis téxica observada 
en enfermos que recibieron isoniacida a dosis de 
12 mg. por kg. al dia. Parece oportuno llamar la 
atencién sobre esta complicacién de la isoniacido 
terapia hoy dia cuando se emplean dosis més 
altas de la droga en el tratamiento de la tubercu 
losis. 

Se hicieron estudios de los coeficientes de inac 
tivacién de la isoniacida biolégicamente activa en 
el suero en 3 enfermos. Un paciente era un inacti 
vador lento de la isoniacida; los otros 2 eran inac 
tivadores répidos. No fué posible deseubrir la 


menor correlacién entre la inactivacién de la 
isoniacida y la psicosis téxiea. La administracién 
de 50 mg. diarios de piridoxina no impidié la 
psicosis téxica. Dos de los 3 enfermos que manifes- 
taron una psicosis t6éxica con una dosis diaria de 
de peso toleraron 


12 mg. de isoniacida por kg. 


dosis més bajas. 


PSYCHOSIS DUE 


TO ISONIAZID 803 


RESUME 


Psychose toxique due a Visoniazide: Rapports sur 


trots cas et étude des modalités de Vinactivation 
de Visoniazide dans le sérun 


L’auteur rapporte trois cas de psychose toxique 
survenant chez des malades recevant | isoniazide 
& la dose de 12 mg/kg par jour. Il est opportun 
d’attirer l’attention sur cette complication du 
traitement par l’isoniazide lors de l’accroissement 
des doses d’isoniazide dans le traitement de la 
tuberculose. 

L’étude des taux d’inactivation de l’isoniazide 
sérique biologiquement active a été effectuée chez 
trois malades. Un 
l’isoniazide, les deux autres l’inactivaient rapide- 


malade inactivait lentement 
ment. Il n’a pas été possible d’établir une corréla- 


tion queleconque entre l’inactivation lente de 
l’isoniazide et la psychose toxique. L’administra- 
tion de 50 mg de pyridoxine par jour n’a pas pré- 
venu l’apparition de la psychose toxique. Deux des 
trois malades ayant présenté une psychose toxique 
quand ils recevaient une dose de 12 par 


mg/kg 


jour toléraient des doses plus faibles. 
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Notes 


EVOLUTION OF MURINE LEPROSY 


Studies on the evolution of murine leprosy in 
rats and mice have been reported by several in- 
vestigators,!-* based on histologic changes or com- 
parative bacillary counts. In what seems to be the 
first quantitative study, Hobby and associates? 
have enumerated the bacilli in a serial study of 
lesions in the spleen 

The subject of this report is the progress of the 
disease in mice, infected intraperitoneally with 
the Hawaiian strain of M. Le prac murium. Four 
measurements are used: (J) number of acid-fast 
bacilli the of the 
exudate; (2) number of infected cells in the mesen 


in macrophages peritoneal 


tery; (3) estimated bacillary population of the 


spleen, and (4) estimated bacillary population of 
the liver. 
Female, albino mice of the general purpose 


strain, N.1.H., weighing 16 to 22 gm. were inocu 
lated with 0.5 ml. of a 1:30 suspension made from 
omenta and pelvic fatty pads of mice infected 
four to five months previously. Suspensions of 
autoclaved lesions were used as a control. 
Animals at one, three, five, 
seven, eleven, and fourteen days, and thereafter 
at weekly intervals for ten to thirteen weeks. On 
each occasion, 5 animals were used for peritoneal 
impression smears. Groups of 10 were used for all 


were sacrificed 


other purposes except fer counts of living bacilli 
made at the end of three months, for which 20 
animals were employed for each suspension. 
Impression smears were made on glass slides 
by light touch on the freshly exposed and undis 
turbed abdominal viscera. For fixation, the slides 
were placed immediately in Helly’s fluid. The per 
centages of various types of cells and the propor 
tion showing phagocytosis were recorded. The 
number of bacilli in macrophages was estimated 
according to the method described below. 
Mesenteric spreads were prepared by placing on 


! Henperson, J. M.: Indian J. M. Research, 
1928, 16, 1. 

?Fire, G. L.: National Institute of Health 
Bulletin No. 173, 1940, p. 45. 

NAKAMURA, M., AND Suincu, M.: Lepro, 


1951, 20, 118 (in Japanese). 
‘Tanimura, T., AND Nisuimura, S.: Internat. 
J. Leprosy, 1953, 21, 335. 


5 D., ann Hiison, G. R. F.: J. Path. 
& Bact., 1956, 72, 427. 
HapLer, W. A., Mavuri, A. C.: Rev. 


brasil. de leprol., 1948, 16, 139. 
’ Hopsy, G. L., et al.: Am. Rev. Tuberc., 1954, 
69, 173. 
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glass slides a loop of the lower portion of small 
intestine, including three to five large sections of 
the mesentery. Spreads were made about fifteen 
minutes after killing, blood in the loop was drained 
off and, after drying, the intestine and blood 
vessels were cut off. Spreads were fixed in Helly’s 
fluid. The number of infected cells in the mesen 
tery was graded according to the scoring method 
described below. 

The technique of microbial enumeration used 
by Hobby and associates? was employed with a 
few modifications. Suspensions of spleen and liver 
were made from the pooled organs of each group. 
The tissues were homogenized in a Waring 
Blendor, using a semimicro Monel metal container 
(Cenco #17246B). Four milliliters of ice water 
were used for each spleen and 7 ml. for each 
liver, minus the estimated volume of the organ, 
taking grams of weight milliliters. For ex- 
ample, if 10 spleens weighing a total of 4 gm. were 
used, the amount of water added would be 36 ml. 
Suspensions were homogenized for three to six 
minutes; cooling was necessary after three minutes 
of homogenization. 

Suspensions made from tissues showing few or 
a moderate number of leprous lesions and ho- 
mogenized for three minutes showed well-dis- 
persed bacilli in the smears. Suspensions made 
from tissues showing very numerous lesions, i.e., 
at the end of three months, revealed occasional 
unbroken lepra cells; these specimens were ho- 
mogenized for six minutes. Longer blending 
did not materially improve the condition. 

Using a 3-mm. platinum loop, duplicate smears 
of 13 mm. in diameter were made from the original 
or diluted suspensions. Bacillary counts were 
made by the use of a 5-mm. square grill in the 
ocular. One hundred square fields (oil immersion) 
were examined, covering approximately the whole 
area of each smear. The bacillary count of an organ 
was taken as the average number of stainable 
acid-fast bacilli per square field. 

The total number of bacilli in the organ will be 
the number of bacilli per square field multiplied 
by the factor of 


as 


Area of smear in mm? 


Area of square grill in oil immersion, in mm? 


No. of loops per Volume of 


ml. of suspension “~ suspension, in ml 
220 K 4 i tely 3.9 10° 
= 4, or: roximately 
0.003 
for each spleen, and approximately 6.8 X 10’ for 


each liver. 


SO6 NOTES 
TABLE 1 
Tue CELLULAR AND BactILLARY CHANGES IN THE CELLS OF PERITONEAL EXUDATE OF MICE 
INOCULATED WITH THE KILLED M. Leprak Murium 
Per Cent, Number Bacilli per — 
Per Cent Phagocytosis Bacrophast Cellular Pictur 
Number 
lav Afte Bacilli per 100 Bacilli 
Macro Macrophages Poly Macrs Ly 
phage 1-2 3 6-10 10 phage 
pe en per cen pe X 
] 20.9 16.1 552.4 59.4 29.3 11.3 
} 0 6.1 788.0 5.0 68.3 26.7 
5 0 75.3 11.8 615.8 7.2 47.3 15.6 
7 0 94.8 11.9 771.7 3.9 18.1 78.0 
1] 0 91.4 14.2 761.4 0 6.0 13.6 80.4 
14 0 68.2 32.4 129.3 0 1.6 12.1 83.3 
21 0 60.8 15.0 310.3 0 0.3 17.0 82.7 
28 0 38.9 51.0 182.4 0 0 13.4 86.6 
35 0 18.6 65.9 61.1 0 1.9 95.1 
}2 0 19.8 62.2 77.6 0 0 7.4 92.6 
19 0 23.8 68.9 73.3 0 1.6 6.0 92.4 
56 0 13.5 75.6 10.4 0 0 1.8 95.2 
63 0 16.4 62.7 66.0 0 1.8 1.4 93.8 
70 0 10.4 81.9 29.7 0 0.5 3.5 06.0 
rhe number of bacilli per 100 macrophages was calculated as follows: (16.1 X 2+ 11.7 X 4+ 104 xX 
8 61.9 10) * 70.8) = 552.4 
+ The normal cells contain approximately 5 per cent macrophage and 95 per cent lymphocyte 
The Ziehl-Neelsen staining for acid-fast bacilli The cells of the peritoneal exudate showed 
was modified slightly as follows: The slide was marked changes following inoculation 


covered with a piece of filter paper 
quantity 


A sufficient 
stain 


of Ziehl-Neelsen acid-fast was 


added and the slide was heated to botling. The 


smear was decolorized with acid alcohol two min 


utes later. The high temperature employed seemed 


to 


vield more stained bacilli than the original 


technique 


The cells of the peritoneal smears and mesen 


teric spreads were stained with Harris’ hematoxy 


lin 


thirty seconds for the former and ten minutes 


for the latter, followed by dilute ammonia water. 


Growth curves of the infected cells of mesentery 


ol V.\ 
. 
le prat In animals which were inoculated 
with killed bacilli, the polymorphonuclear leuko- | 
cytes increased to about 60 per cent the day after 
They markedly the 


third day and disappeared almost entirely in three 


inoculation diminished on 


weeks. The lymphocytes were only about 10 per! 
cent of the cell population at the beginning; they 
increased rapidly to about 8O per cent on the| 


seventh day, approaching the normal value of 
about 95 per cent at the end of five weeks. Mono 


nuclear phagocy tes or macrophages increased from 


and of the bacilli of spleen and liver were plotted 
on semi-logarithmic paper. Straight lines showing 
the frequeney of infected cells in the mesentery 
and the bacillary counts for spleen were fitted 
by the method of least squares by Mr. Jacob E. 
Lieberman. The generation time (time for one cell 
division) for bacilli from the spleen was calculated 
from the logarithmic growth curve in the following 
manner 


log a log b 


Ix 


Generation time = , 


Ix 


where K = growth rate constant 


a = highest bacillary count 
b = lowest bacillary count 
t = time in weeks or days 


> Youmans, G. P., Youmans A. J. 


Bact 1949, 58, 247. 


about 30 to 70 per cent during the first five days 


then decreased 


value of about 5 per cent in five weeks 


gradually, 


reaching the normal | 
table | 


The cellular picture differed when living organ 


isms were used. In the early days, the changes ol 


polymorphonuclears and lymphocytes were similar 


to those observed with killed bacilli 


phages, 


however, maintained more or less a 


The macro 


con 


stant level of 20 to 30 per cent throughout the 


whole experiment. In the later stages, the lympho 


cytes reached a lower level and the polymorpho 


nuclears a higher one than with the killed bacilli 


(table 2) 


Acid-fast bacilli, living or killed, were found 


chiefly in the macrophages. Phagocytosis of pol) 


morphonuclears was observed only in the early j 


days. 


With the killed bacilli the percentages ol 


phagocytosis were very high at the beginning but | 


decreased steadily afterwards. The percentages ol 


| 
nun 
mect 
low 
| 
we 
nit 
Thi 
in tl 
\ 
+)... 

= of tl 
t M 
| 

| 
| iil 
tolle 
pop 


showed 
ot 
‘ulated 
leuko- | 
Vv alter 
the 


n three 


On 


10 per! 
they 
the 
ue of 
Mono 
d fron 


on 


days 
1ormal | 
le | 
organ 
iges Ol 
similar / 
nacro 
a con 
ut the 
mpho 
orpho 
bacilli 


found | 


| poly 
early 
ges 0 

ng but | 


ives ol 


VW. \ 


NOTES 


807 


TABLE 2 


Tue CELLULAR AND BacILLARY CHANGES IN THE CELLS OF PERITONEAL ExupATE OF MICE 
INOCULATED WITH THE Livinc M. LEPRAE MURIUM 
Per Cent Phagocytosi Per Cent Number Bac illi Cellular Picture 
per Macrophage 
Number ene 
Day A Bacilli per 100 ~F - 
Poly Macrophages Bacilli Poly- 

4 Macro- Macro- Lymph- 
morpho 1-2 3-5 6-10 >10 morpho- - 
phage phage ocyte 
wuclear nuclear 

per cent per cent per cent 
| 25.9 1.8 1.3 3.7 | 87.2 ++ 61.3 30.5 7.9 
4 t 1.2 2.6 9.0 | 87.2 TT 12.0 34.0 54.0 
5 1.4 3.1 7.4 | 88.1 + 12.1 21.4 66.5 
7 0 12.6 | 10.1 9.6 | 67.7 + 13.2 22.0 64.8 
il 0 36.4 13.2 10.8 | 39.6 + 1.0 16.2 82.8 
14 0 39.9 | 25.0 | 19.1 | 16.0 0 5.7 20.0 74.3 
21 0 2 62.1 21.5 7.4 9.0 0 1.0 74.4 
S 0 36.9 149.2 | 26.1 | 10.6 | 14.1 0 1.4 75.6 
3) 0 26.4 59.4 | 20.5 8.5 | 11.6 0 3.6 76.4 
12 0 10.4 41.3 | 22.0 | 20.9 | 15.8 0 3.0 27. 70.0 
19 0 1.7 56.4 20.8 9.2 13.6 0 7.8 23.8 68.4 
aT) 0 54.8 35.8 | 23.3 | 16.6 | 24.3 0 2.0 25.0 73.0 
63 0 12.6 12.7 | 25.7 13.9 17.7 ++ 7.6 27.6 64.8 
70 0 60.2 36.6 | 22.0 | 17.4 | 24.0 + 5.6 37.4 57.0 
macrophages containing the smallest number of TABLE 3 
bacilli increased and those containing the largest Tue Scortnc System or INFecTED CELLS 
number decreased steadily throughout the exper! or MESENTERY 
ment. The number of bacilli per 100 macrophages r 
reached the minimum in five weeks. Living bacilli Number of In Number of In- 
: Score fected Cells per Score fected Cells per 
showed « more rapid decline and reached their Square Field Square Field 
lowest value at the end of three weeks, then in- _ - 
creased again and fluctuated along a moderately 0.5 10 6 160 
low level throughout the remainder of the experi- l 20 7 240 
ment 2 10 S 360 
Extracellular bacilli, both living and killed, 3 60 9 
7 
were found in the first few days, but were rarely 4 0 10 400 
: 5 100 
seen after one week, except at later stages in 
animals which were inoculated with living bacilli yi 
This reappearance was usually accompanied by lymphocytes were present at this stage. Poly- 
heavily infeeted or broken lepra cells, which had = morphonuclears and lymphocytes disappeared 
apparently separated from the lepromatous lesions rapidly and macrophages were dominant at the 


in the peritoneal cavity. 


inoculated with living 
treated 


0.01 per cent in the diet, revealed results similar to 


\nimals which 


but 


were 
bacilli immediately with isoniazid, 
those observed with killed bacilli, except that the 
rate of disappearance of bacilli in the early stage 
was much faster in the treated animals. The cause 
of this difference was not determined. 

Mesenteric spreads appeared as thin membranes 
composed of mesothelium with spotty areas of 
lymphocytes and macrophages. There were also a 
many of 
Marked cellular in 
the first 
The cells were chiefly poly 
morphonuclears and macrophages, both heavily 


bacilli. A 


few scattered macrophages, which re 


mained in wandering forms. 


filtration was observed in five days 


following infection 


populated with phagocytized few 


end of three weeks. 

Quantitative evaluation of the leprous lesions 
of the mesentery was made by grading the leprous 
lesions of the spreads under the low-power ob- 
jective. Scores of 1 to 10 were given, equivalent to 
various numbers of infected cells per square field, 
as shown in table 3. Only cells which were infected 
with numerous bacilli were taken into account. 

There were two main types of lepra cells in the 
mesentery. Elongated bacilli were present in one, 
usually the wandering forms, often observed as 
early as the sixth day of the infection, but more 
marked on the eighth. The proportion of cells with 
long bacilli increased steadily to a maximum at the 
fifth to seventh week, when it decreased abruptly. 
Mesenteries containing these cells usually showed 


more leprous lesions than those without them. 
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INFECTED CELLS IN MESENTERY 
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Fig. 


mesentery 


1. The growth curves of infected cells of 
The living bacilli curve 
structed from the composite data of five experi 
mental observations at the end of three weeks, 
two each at the end of five and seven weeks, and 


was con 


one each at various intervals. 
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Fic. 2. The growth curves of WM. leprae murium 
in the spleen. The living bacilli curves of figures 
2 and 3 were constructed from the composite data 
of five experimental observations at the end of 
three weeks, two each at the end of five and seven 
three at the end of three months, and one 

various intervals. 


weeks, 


each at 
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Fic. 3. The growth curves of M. leprae muriun 
in the liver. For explanation see figure 2 


Apparently, these long bacilli are in active growth 


The other type of cell was studded with numerous 


short bacilli. These were present as isolated cells 


in masses of various sizes, with oceasional 


bundle formation. This was the predominant type 


in the latter stages of the infection 

The curves representing the number of infected 
cells in the mesentery are shown in figure 1. In 
animals inoculated with killed bacilli, the number 
With the living bacilli, there 


was an initial decline, followed by a linear logarith 


decreased steadily. 


mic increase up to the tenth week 
Bacilli were found in the spleen on the day 
after inoculation of either killed or living organ 


isms. The number of killed bacilli decreased 
slightly throughout the experiment. The number 
of living bacilli inereased steadily. On semi 
logarithmic paper, «a linear growth curve was ob 


tained (figure 2). The generation time, as caleu 


lated from this curve, was 10.7 days. 


™ 


The growth pattern of bacilli in the liver was 


different from that in the spleen. The number of 
bacilli in the liver increased more slowly than in 
the spleen in the first but 
On semi-logarithmic paper, 


seven weeks, 
rapidly afterwards. 
two linear growth curves were obtained, i.e., 4 
flatter curve followed by a steeper one (figure 3). 

Elongation of bacilli was observed in the macro 


phages of peritoneal smear as carly as the fourth 
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Hobby 
Wher 


issociite reported a serial study of 
populatie ol spl ens ol leprous mice 
their data were plotted on semi-logarithmic 
that 


growth wits linear 


the 


it was found the 


four to six weeks following infection. 


From this graph the generation time of bacilli was 


thout. 14.8 days, in comparison with 10.7 days in 
the present study 


Hilson and Elek!" have 


bacilh 


reported a logarithmic 


rate of growth of in rats and mice which 


vere inoculated intratesticularly with rat leproma., 


Multiplication was much faster In rats infected 


Tomserr, R.: J. Exper 


Med 
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1956 7: 
Hinson, G. R. I 


1957, 25, 
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with a 7-month-old inoculum than in mice with 
IS month old materi il The generation time of 
bacilli was seven to eight d sinrats, and ten days 


in mice. Similar values of the generation time in 


o have been reported recently by other investi 


gators 


In summary: The evolution of murine leprosy 


is studied in mice inoculated intraperitoneally 


ith he Hawaiian strain of V/ eprae murtun 
Animals were sacrificed at one, three, five, seven, 
eleven ind fourteen days ind thereafter at 
eek ir r ! or n to thirteen weeks. Four 
measurements re used number of acid-fast 
rophages th peritoneal 
mber it the mesen 
ib r of the 
sple nd (4) estimated bacillarv population of 
he liver. The bacilli were taken up rapidly by the 
cells of th peritoneal exud ( i the cells 
of the mesenter spleet nd liver. In the per 
itoneal exudate he number o rene li fell to 
minimum im about three veeks hen increased 
slow! ind fluctuated at a moderately low Ie vel 


throughout the experiment. After an initial period 
of about two weeks following inoculation, the in 


fected cells of the mesentery and the Organisms in 
mst 


of 
atter the 


the spleen followed a more or less « int rate 


growth. The bacilli in the liver, however 


same initial lag period, increased rather slowly to 


about the seventh week and much more rapidly 


thereafter. Elongation of bacilli was observed as 
early as the fourth to sixth day folk wing infection 
in the macrophages of the peritone il exudate, and 

The 


number ol elong ited bacilli incre ied steadily toa 


the cells of the mesentery, spleen, and liver 


maximum at the third to seventh week, and then 


decreased. Short bacilli became dominant there- 


after. The average generation time (time for one 


cell division) of the bacilli in the spleen Was esti 


mated to be 10.7 davs 


Y. T. 
Leonard Wood Vemorial 
Vational Institutes of Health 
Bethesda, Maryland 


October 23, 
1! Rees, R. J. W., anon Wonea, P. C.: Nature, 
1958, 181, 359. 
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DIFFERENTIATION OF HUMAN TUBERCLE BACILLI FROM ATYPICAL 
ACID-FAST BACILLI 


III. Modification of the Niacin Test, Using Tween-Albumin Liquid Medium 


It has previously been shown!-* that both viru 
lent and avirulent of human tubercle 
bacilli contain more niacin than bovine or avian 


strains 


strains or other species of mycobacteria, including 
the so-called “atypical acid-fast bacilli.’’ Tuber 
cle bacilli of human origin can therefore be differ 
entiated from other mycobacteria by measuring 
niacin content. These results were confirmed by 
others. 


However, most clinical specimens grown on 


routine diagnostic media do not yield enough 


growth for a satisfactory interpretation of the 
niacin test.’ In these cases a subculture is neces- 
sary, the subeulture period usually being one to 
two months; and even after subculture enough 
growth may not be obtained. 

In this paper it will be shown that, by growing 
mycobacteria for about ten days in Dubos 
Tween” -albumin liquid medium,'® a positive test 
can be obtained. Thus, a subculture 


for niacin 


period of ten days is sufficient for a satisfactory 
niacin test. An additional finding revealed that 


niacin content increases with older cultures. 


Niacin was measured by the aniline cyanogen 
bromide method" which is based on the reaction 
of niacin and cyanogen bromide to give pyridin- 
ium compound. This compound undergoes a re- 
arrangement yielding amines to produce yellow- 
colored compounds 

The organisms tested are shown in table 1. 
Ten strains of tubercle bacilli of human origin 
and 10 strains of atypical acid-fast bacilli were 
used. These strains had been cultured repeatedly 
in Dubos liquid Tween-albumin medium. One 
tenth milliliter of a ten-day culture was inocu- 


Konno, K.: Proce. Japan Acad., 1953, 29, 289. 


2 Konno, K., et al.: Am. Rev. Tubere., 1957, 
75, 529. 
Konno, K., ef al.: Am. Rev. Tubere., 1958, 77 


669 and 675. 
‘Konno, K.: Science, 1956, 124, 985. 
5 Konno, K.: Beitr. Klin. Tuberk., 1958, 119, 1. 


® Marek, A.: Beitr. Klin. Tuberk., 1957, 117, 
529. 

7 Boentcke, R.: Jber. Tuberk. Forsch., 1956 
1957, p. 137. 


Boenicke, R., ano Lisnoa, B. P.: Tuberku 


losearzt, 1958, 12, 380. 

' Jensen, K. A.: Bull. Union internat. contr. 
tubere. Paris, 1957, 27, 147. 

Dupnos, R. J., AND MippLesrook, G.: Am. 
tev. Tuberc., 1947, 56, 334. 


1! FeinsTern, L.: Science, 1945, 101, 675. 
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lated into 3 ml. of Dubos Tween-albumin liquid 
medium in 20 by 125 mm. screw-capped tubes 
Growth was roughly estimated by comparison 
with McFarland nephelometer tubes. Niacin con- 
tent was measured by adding 1 ml. of 4 per cent 
aniline in 95 per cent ethyl alcohol and 1 ml. of a 
10 per cent solution of cyanogen bromide in water 
(saturated solution) directly into the culture 
tube; the development of a distinct vellow color 
indicated the presence of niacin. 

For quantitative measurements, 1 ml. instead 
of 0.1 ml. of culture served as an inoculum, and 
100 ml. of medium in a 250-ml. Erlenmeyer flask 
was used. The culture flasks were shaken daily 
At ten-day intervals for thirty days, the cultures 
were centrifuged and niacin determinations were 
performed in the supernatant, using ammoni 
buffer and cyanogen bromide solution.? The color 
intensity measured in a Bausch & Lomb 
monochromatic colorimeter at 430 my. Three 
strains of human tubercle bacilli, one strain of 
bovine tubercle bacilli, one strain of avian tu- 
berele bacilli, 3 strains of atypical mycobacteria, 
nonpathogenic mycobacteria 


was 


and 2 strains of 


were used. 


When dealing with the scotochromogenic atypi- 
eal acid-fast bacilli," the yellow or orange pig 
ments the bacilli dissolve in the medium, 
making the test more difficult to read. In this case 
a portion of the medium was divided equally into 
two tubes and both reagents were added to one of 
the tubes. One milliliter of the aniline solution 
and an equal amount of water were added to the 
other tube. This tube served as a control. 


ol 


The results presented in table 1 show that, of } 
the strains examined, only the tuberele bacilli of 
human origin gave a positive test for niacin. The 


test was definitely positive after ten days ofj 
growth. At this time growth was roughly compar 
able to a MeFarland No. 2 tube (about 0.85 mg 
wet weight of H37Rv). All strains of aty pieal acid- 
fast bacilli were negative for niacin in spite of the } 
fact that growth of some strains was more abun- 
dant. 

The quantitative differences in niacin produe 
tion of various strains of mycobacteria are shown 
in table 2. It ean clearly be seen that the tubercle 
bacilli of human origin produce more than fifteen 
times as much niacin as the other mycobacteria) 
except for the Ravenel strain of bovine tuberele 
bacilli, which produces a small amount of niacin 


It appears that with the human mycobacteri 
2 Runyon, Eb. H.: Am. Rev. Tuberc., 1955, 72 
S66. 
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TABLE 1 


> Period 


Positive 


Oday | 2 days | 4 days | 6 days | 8 days | 10 days Total 
Strains 
0 0 0 2 3 5 10 
0 0 0-1 1-2 2-3 2-3 
0 0 0 0 0 0 0 
0 0 0-1 1-2 1-3 2-4 


TABLE 2 


TION OF MycoracTerRta IN Dusos Liquip Mepium (100 Mt.) 


Niacin | Niacin Drv = 
Filtrate | Bacilli Weight Filtrate | Bacilli Weight Filtrate | Bacilli 


10 days 20 days 30 days 


Bacilli | Niacin | Niacin | B8cilli | Niacin | Niacin 


>/ml. y/mg meg >/mil. >/meg. me y/ml 
3.2 8.9 105 12.5 | 11.9 | 122 18.0 | 14.8 
2.6 9.3 78 8.0 | 10.2 | 103 11.2 | 10.9 
33 i177 90 9.8 | 10.9 | 110 14.5 | 13.2 
0.5 |1.7 | 88 1.8) 2.0) 111 2.7] 2.4 
0.2 | 0.4 112 0.3 132 0.6 | 0.5 
0.2 | 0.6 82 0.3) 0.4) 116 0.6) 0.5 
0.2 | 0.5 97 0.3 | 0.3 | 123 0.6) 0.5 
0.2 0.5 89 0.3 0.3 |) 116 0.6 0.5 
0.5 0.8 120 0.6 | 0.5 | 144 0.5 
0.5 '0.8 124 0.8 | 0.6) 145 1.2/| 0.8 


acid-fast bacilli were five, ten, and fifteen days. 


liquid 10 strains of tubercle ba Niacin test, positive 
tubes cilli of human origin Growth in McFarland 
tube No. 2 
con- 
‘r cent 10 strains of atypical Niacin test, positive 
il. of acid-fast bacilli Growth in MeFarland 
water tube No. 2 
‘ulture 

color 
nstead Niacin Propue 
n, and 
r flask 

daily 
iltures Types Strain Bacilli 
were 
moni 
; color meg 
— Human tubercle bacilli H37Rv 36 
aie al H37Ra 28 
RIRv 30 
Bovine tubercle bacilli tavenel 30 
atypi Avian tubercle bacilli Kirchberg 17 
tiem. | Atypical acid-fast bacilli M.B. 33 
T.N. 37 
M. Kansasii 36 
Nonpat hogenic acid-fast WV. 607 61 

to the bacilli* M. phlei 66 

* Culture periods for nonpathogenic 
hat, of} 
eilli of niacin production increases with the age of the 
n. The culture 
avs ol 
ympar Tubercle bacilli of human origin will give a posi 
S5 mg tive test for niacin after about ten days of growth 
lacid-| in Dubos Tween-albumin liquid medium. Konno 
of the} and associates* have shown that about half of the 
abun-| routine cultures brought to a clinical laboratory 
for identification needed a subculture period of at 

rodue-| least one month before sufficient growth was ob 
shown) tained for a satisfactory niacin test. By using 
ibercle) Dubos Tween-albumin liquid medium as the sub 
fifteen culture medium, it was apparent that the sub 
acteriay culture period was shortened to about ten days 
iberel The quantitative data® show that about 10 mg. 
niacin.) Of semi-dry bacilli are necessary before a positive 
acteri test for niacin is obtained. Marek® from his re 
- — sults believes that it is safer to raise this figure to 


20 mg. With increasing bacillary mat 


erial, 


increased niacin content is noted. This finding 
may have at least two different explanations: 
first, the organisms may be producing more niacin 
with increasing age; or second, the organisms 
with increasing age are breaking down diphospho- 
pyridine nucleotide (and/or triphosphopyridine 
nucleotide) to a greater extent, due to the presence 
of a more active DPN-ase and/or TPN-ase. More 
work directed toward the elucidation of this phe- 
nomenon is in progress. Also, it was noted that 
niacin production in Dubos liquid medium is much 
greater than on solid medium. The amount of 
niacin produced in Dubos liquid medium is about 
107 per mg. of dry bacilli compared with 0.154 
per mg. of semidry bacilli on solid medium.’ It is 
more advantageous, therefore, to use Dubos 
medium for the niacin test than to subculture on 
solid medium. 


In contrast, no significant increase in niacin 


Nracin Test 1n Dusos Liqurp Meptum (3 Mt.) 
an 
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eontent of tubercle bacilli of bovine or avian 
origin was noted. The bovine strain, when it 
showed eugonic growth, produced slightly more 
niacin than other non-human mycobacteria and 
oceasionally gave a doubtful positive test for 
niacin in Dubos medium. In this case, Boenicke 
and Lisboa’ recommended use of the Peknice reac- 
tion™ or the Asmus-Garschagen reaction™ which 
are less sensitive than the aniline-brom-cyanid 
method for the estimation of niacin in liquid 
medium. But the aniline-brom-cyanid method 
should be used for a niacin test on the solid me- 
dium, because niacin production of the bacilli on 
the solid medium is much less than in liquid 
medium and, therefore, the more sensitive method 
is reliable. 

1953, 2, 35 


13 Pecknice, J. R.: Csl. Farmac., ‘ 
Ztschr. 


Asmus, E., GaRSCHAGEN, H.: 
Anal. Chem., 1953, 139, 81. 

% The writers wish to express their apprecia- 
tion to the Cambridge Sanatorium, Cambridge, 
Massachusetts, for aid and support of this study. 


In summary: It has been shown that, among 


strains of mycobacteria grown in Dubos Tween 


albumin liquid medium, only tubercle bacilli of 


human origin gave a positive test for niacin. The 


aniline-cyanogen bromide test for niacin was 
definitely positive after ten days of growth i 
Dubos Tween-albumin liquid medium. 

The niacin production in Dubos liquid mediun 
was much greater than on solid medium, and it is 
thus more advantageous to use Dubos liquid me 


dium for the test. 


Kryosut Konno® 
ANTHONY J. 
Research Institute for Tuberculosis and Leprosy 
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Tohoku University 

Kitayobancho, Sendai, Japan; and 
Department of Bacteriology and Immunology 
Harvard University Medical School 
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THE EFFECTS OF MECHANICAL AGITATION ON THE GROWTH OF THE 
H37Ra STRAIN OF M. TUBERCULOSIS 


Lenert, Stasko, and Hobby! recently described 
in this journal a method of obtaining large yields 
of the BCG strain of M. tuberculosis by cultivation 
under continuous agitation on a rotary shaker. 
The medium employed by Lenert and her co- 
workers was a synthetic one, consisting of sodium 
glutamate, citric acid, glycerol, dibasic potassium 
phosphate, ferric ammonium citrate, and mag 
nesium sulfate. The organisms were grown in 
l-liter quantities of medium in Fernbach flasks; 
each flask was inoculated with 100-ml. portions of 
a young, stationary Tween*-albumin medium seed 
culture, and placed on the shaker, operating at 200 
r.p.m., for various periods of time. Under these 
conditions, yields of a dried bacillary mass aver 
aging 19.45 gm. per liter were obtained after an 
incubation period of fourteen days on the shaker, 
or twelve days’ stationary growth, with manual 
shaking once daily, followed by eleven days on the 
shaker 

Working in the laboratories of the Rockefeller 
Institute for Medicai Research, the writer in 1953 
observed a similar enhancement of growth by in 
cubation on a rotary shaker of another strain of 
tubercle bacilli, H37Ra, employing somewhat 
different conditions of cultivation. These experi 
ments have not been reported previously, and a 
brief report is made here to indicate the applica 
bility of shaker-cultivation for the production of 
large yields to another strain of tubercle bacilli, 
under different conditions than those reported by 


Lenert and associates. 


The H37Ra strain employed in these experi 
ments has been described previously by Pierce 
and associates?; its growth in the conventional 
Tween-albumin and Sauton liquid media is sparse 
when cultivation is stationary, with only occa- 
sional manual agitation. 

The medium was the standard basal mineral 
solution described by Dubos and Middlebrook,’ 
containing, in addition to the inorganic salts, 
0.2 per cent asparagin, 0.005 per cent ferric am- 
monium citrate, 0.013 per cent sodium citrate, 1.5 
per cent glycerol, 0.05 per cent N-Z Case (Shef- 
field), and 0.1 per cent. bovine serum albumin 
fraction V (Armour); Tween-80 (Atlas) was 
added to some lots of this medium to a final con 
centration of 0.05 per cent. The pH was adjusted 


'Lenert, T. F., al.: Am. Rev. Tubere., 
1958, 78, 934. 

2 Prerce, C. H., 
189. 

Dusos, R. J., anp MippLesproox, G.: Am. 
Rev. Tubere., 1947, 56, 334. 


et al.: J. Exper. Med., 1953, 97, 
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before autoclaving to 6.8 with hydrochloric acid 
and sodium hydroxide; it was found to vary by 
not more than 0.1 pH unit after sterilization. 
The medium was distributed in 50-ml. quantities 
in 250-ml. Erlenmeyer flasks, and inoculated with 
2.0-ml. aliquots of a 7-day-old culture of the 
organism grown statically on the same Tween 
containing medium. The flasks were then incu 
bated at 37° C., either statically with a one-minute 
period of manual shaking daily, or on a New 
Brunswick gyrotory shaker at 80 r.p.m. (A fan 
was attached to the flywheel of the shaker to dis 
sipate the heat generated by the motor; when 
this was done, the temperature of the medium 
did not vary more than +0.5° C. from that of the 
statically incubated cultures.) At intervals after 
inoculation, the cultures were killed by the addi 
tion of liquid phenol (88 per cent) to a final con- 
centration of 2 per cent. After standing in phenol 
six to eight hours with frequent manual shaking, 
the cultures were pooled and the bacillary mass 
was separated from the medium by centrifugation 
and washed five times with large quantities of 
cold acetone and distilled water by resuspension 
and centrifugation. The mass was then dried to 
constant weight over anhydrous caleium chloride 
and weighed. The results of a representative ex- 
periment are shown in table 1 in which 10 flasks 
containing 50 ml. each of medium, with and with- 
out 0.05 per cent Tween, were inoculated with 
H37Ra and incubated for fifteen days, statically or 
on the shaker. 


It may be seen from table 1 that there was an 
approximately ninefold increase in the yield of 
phenolized, washed, and dried tubercle bacilli 
grown on the shaker, vis-a-vis statically ineu- 
bated cultures; the increase in yield was propor 
tionately the same whether Tween was present or 
absent in the medium, but the total yield was 
greater with Tween. In an experiment in which 
the same organism was grown for twenty-five days 
in a similar but less rich medium, containing only 
1 per cent glycerol, but also 0.3 per cent ammonium 
sulfate and 0.005 per cent sodium oleate, the yields 
per liter of statically and shaker-inecubated cul- 
tures were, respectively, 0.84 and 2.76 gm. 

The growth-enhancing effects of continuous 
shaking were most marked when a period of seven 
to fifteen days’ static incubation preceded cultiva- 
tion on the shaker. Alternately, almost equally 
large yields were obtained by seeding cultures 
very heavily—the usual procedure here was to 
inoculate media with one-tenth their volume of a 
7-day-old Tween-albumin culture—and placing 
them on the shaker from the start. With small 
inocula, immediate cultivation on the shaker 


} 

| 

| = 


814 
TABLE 1 
Yrev_ps* or PHENOL-KILLED, WASHED, AND DRIED 
Tuserc te Bacttur (H37Ra) Grown 
FoR 15 Days IN STATIONARY 
AND SHAKEN CULTURES 
Cultivation of the Bacilli 
Medium 
Stationary Shaken 
gm gn 
Dubos medium, no Tween 0.275 2.250 
Dubos medium, +0.05 per 
cent Tween 0.330 3.020 


* Pooled yields from a total of 500 ml. of me- 
dium, distributed in 50-ml. quantities in 250-ml. 
Erlenmever flasks. 


actually retarded growth for several days, and 
the final vield was never as great. It thus appeared 
that a considerable bacillary mass must be present 
in cultures at the moment at which continuous 
agitation is begun in order to obtain a large yield of 
bacilli rapidly. However, even when seeding was 
done with relatively small inocula, of the order of 
one-fiftieth the volume of the production media, 
the vields were still consistently and considerably 
greater after two weeks or longer incubation than 
those obtained from stationary growths 

When the bacilli were cultivated on the shaker 
immediately after seeding with small inocula, in 
media containing no Tween, they usually grew in 
the form of discrete pellets similar to those seen 
in shaken cultures of many species of strepto 
myces. The bacilli appeared to be morphologically 
but a much greater number were found to 


weakly acid-fast, than 


normal 
be nonacid-fast, or only 
bacilli grown statically. 
It also proved possible to obtain good yields of 
H37Ra bacilli by growing them in “‘deep”’ culture 


under continuous or intermittent agitation and 


aeration 


The Dubos medium described above, containing 
0.5 per cent glycerol and 0.1 per cent bovine serum 
albumin fraction V, but no Tween, was distributed 
in 1- to 2-liter quantities in 3-liter side-arm flasks, 
and inoculated with 20 ml. of a 7-day-old Tween 
albumin seed culture. The flasks were incubated 
at 37° ¢ over a magnetic stirrer which agitated 

Teflon-coated magnetic bar in the medium, 
either continuously or for three to four periods of 
ten to thirty Air sterilized 
by passage through concentrated sulfurie acid and 
cotton filters was drawn through a capillary tube 
stream over the surface of the medium 


minutes each, daily. 


im a fine 


by means of a vacuum arrangement; aeration 


was maintained for eight continuous hours each 


day 


NOTES 


The yields obtained by this method, which has 
the advantage of providing a homogeneously dis- 
persed growth of tubercle bacilli in large volumes 
in a single vessel and without the addition of com- 
plex organic wetting agents, were not as great as 
those resulting from incubation on the shaker, but 
were still several times greater after two to three 
weeks’ incubation than those given by static 
cultures. 

Similar findings were made when the BCG-Tice 
strain, which also grows sparsely in most media 
when cultivated statically, was grown in ‘‘deep” 
culture with frequent agitation and aeration. (It 
should be noted that no attempt was made in this, 
or in the shaker-cultivation, experiment to deter- 
mine the best medium. The media employed were 
rather those used routinely for different purposes 
in the laboratory, and undoubtedly still better 
yields would have been obtained from agitated 
cultures if the optimal concentrations of medium 
constituents had been empirically ascertained.) 


TABLE 2 
Errect or TWEEN, AcETATE, LACTATE, 
AND GLYCEROL ON THE GROWTH OF 
H37Ra IN STATIONARY AND 
SHAKEN CULTURES 
Growth* of H37Ra After 


13 Days’ Incubation in 
Addition to Basal Dubos Medium, 


Containing 0.05 Per Cent Tween 
Stationary Shaken 
Cultures Cultures 
per cent 

Additional Tween to 0.1 +--+ 44 
Additional Tween to 1.0 {+4 + 
Sodium acetate to 0.1 + ++ 
Sodium acetate to 0.3 ++ 0 
Sodium acetate to 0.5 0 0 
Sodium acetate to 1.0 0 0 
Sodium lactate to 0.1 
Sodium lactate to 0.3 + +4 + 
Sodium lactate to 0.5 + 4 + 
Sodium lactate to 1.0 + 0 
Glycerol to 0.2 
Glycerol to 0.5 4. 
Glycerol to 1.0 4 
Glycerol to 3.0 4 
Glycerol to 6.0 + ++++ 


* Growths estimated on pooled flasks (2) of each 
medium by visual grading: 


0 = no growth 
+ = slight growth 
++ = eonsiderable growth 
+++ = heavy growth 


luxuriant growth 


n 

t 

n 

p 

e 

a 

e 

I 

t 

0 

sl 

tl 

p 

Zi 

WwW 

T 

| a 

tl 

il 

tl 

; T 

gr 

la 

| pe 

} 
| 
= 


h has 


dis- 
com- 
‘at as 
r, but 
three 
static 


Tice 
nedia 


were 
poses 
etter 
tated 
dium 


NOTES 


It appeared early in the course of these experi- 
ments that, whereas shaken cultures produced 
much larger yields of H37Ra in the usual labora- 
tory media, the opposite wes true of certain other 
media, especially those containing larger quanti 
ties of Tween or of certain organic acids. An ex- 
periment was therefore initiated to determine the 
effects of the addition of Tween, acetate, lactate, 
and glyeerol to the standard Dubos medium on the 
H37Ra_ in and shaken 


growth of stationary 


cultures. 


Dubos medium, containing 0.2 per cent bovine 
serum albumin fraction V and 0.05 per cent Tween- 
80, was distributed in 50-ml. quantities in 250-ml. 
Erlenmeyer flasks. To 4 flasks each of this medium, 
one of the following substances was added: addi- 
a final concentration of 0.1 or 
1.0 per cent; sodium acetate, to concentrations of 
0.1, 0.3, 0.5, and 1.0 per cent; sodium lactate, to 
similar concentrations; and glycerol, to concen- 
trations of 0.2, 0.5, 1.0, 3.0, and 6.0 per cent. The 
pH of all media was adjusted to 7.0. After sterili 
zation by autoclaving, the media were inoculated 
with 1I-ml. aliquots of a stationary, 7-day-old 
Tween-albumin seed culture of H37Ra. Two flasks 
of each medium incubated statically at 
37° C., with one minute of manual agitation daily, 
and two on the gyrotory shaker at 80 r.p.m. at 
the same temperature. Thirteen days later, the 
of growth in the different flasks 
visually. The results are shown in 


tional Tween, to 


were 


amount was 
estimated 


table 2. 


it may be seen from table 2 that the growth of 
the organism on media containing 0.05 per cent 
Tween and glycerol from 0.2 to 6.0 per cent was 
greater when cultivation was on the shaker. Con 
versely, larger amounts of Tween, and acetate and 
lactate proved inhibitory to the organism in the 
still 
permitted static growth. Similar observations were 


agitated cultures at concentrations which 
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BCG-Phipps and RIRv 


strains, Tween, acetate, and lactate proving in- 


made employing the 


hibitory at lower concentrations when the organ- 
isms were cultivated on the shaker at 80 to 100 
r.p.m., or on a tissue-culture test-tube roller at 2 
r.p.m., than when they were grown statically. 
These findings suggest that the effects on growth 
of tubercle bacilli of certain medium constituents 
and common metabolites may vary widely with 
the degree of agitation (and aeration?) of the 
cultures. 

In summary: It appears possible to obtain large 
quantities of the H37Ra strain of MW. tuberculosis 
rapidly, and probably also of other strains, by 
cultivation under frequent or continuous mechani- 
cal agitation. This can be accomplished by grow 
ing the organisms on a shaker, or in ‘‘deep,”’ 


aerated cultures stirred magnetically. Large 


yields of well-dispersed growth can be obtained in 
the 
without 


standard Dubos albumin medium, with or 


the addition of Tween. The only other 


method of obtaining large yields of tubercle 
bacilli by surface-pellicular growth requires con- 
siderably more time and produces a nonhomoge 
neous bacillary mass, much of which is nonviable 
at the time of harvesting. In the production of 
nonliving vaccines from tubercle bacilli, the agita- 
tion methods described above and by Lenert and 
associates! are not only desirable for their economy 
and convenience, but also because homogeneity of 
the starting material is a primary requisite for the 
obtaining of reproducible results in immunization 


experiments. 


Davip W. Wetss 
Department of Bacterioloqy 
University of Califor nia 


Berkeley 


California 


January 19, 1959 
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A NEW METHOD OF COUNTING THE 


~ 
lid ‘ | ) 
el 
yt med th thi ( I ere 
} hie } POET 
larshi- edi 
\ 15 gn 
‘ ie grade 10 ml 
ood 50 mi 
) ! 740 ml 
I ix dissolved in the glycerol water. The 
” ( | 1 15 pounds pressure or 
‘ nd eooled to 45° ( Che blood is 
eall nd the medium is dispensed in 
quantities in 250-mil. Erlenmevet 
| flasks are plugged with cotton and 
th paper secured by a rubber b nd. to 
e ot ey ition 
Sanuton mediun ith buffer and serum 
Sauton medium 
\spuragin gm 


0.5 gm 


MIngnesium sulfate 
Citrie acid 2.0 gm 
Cilveerin (twiece-distilled 60.0 gm 


Bipotassium phosphate 05 gm 
0.05 gm 


40 ml 


Ferric ammonium citrate 


Distilled w 


iter 


medium is adjusted to pH 7.2 with ammo 


nium hvdroxide and autoclaved at 15 pounds’ 
pressure tor twenty minutes 
suffer (pH 7.15 


12H.0 (179 gm. in 


1.000 ml 670 ml 


in 1,000 ml 330 ml 


KH.PO, (68 gm 
Tarsus. M. S., AND EL_BeraG, 8. Am. Rev 
Tubere., 1956, 74, 84 
Eipus, L., ef al.: Canad. J. Pub. Health, 1958, 
19. 1S 


VIABLE ORGANISMS IN BCG VACCINE 


repared by adding 800 
of di r ‘ 1200 ml. of the buffer (s« yr 
2 ( S ) i olution 1). TI 
‘ 15 re tor twe 
\ voling ri man s 
| isis stienthy ree f 5.0 per cer 
1 tl nedi | es in 9-1 
Phe « ng is carried o lows: The 
cine } ‘ horoughly o ction sl 
250 to 300 oscil ns per ite, for ! 
minutes d seri i re made to 10 
s on dilu Ll part Sauton medium and 
parts distilled r). One milliliter of the 10 
adil ion 1s nen » the ibes contal g 
« th ers comple X solution 
ove Tl is the shaken o1 mechanic 
sl ‘ either - ction shaker set at 250 to 
100 oseillations minute or reciprocating 
pe of shaking appar is set at 200 to 225 oscill 
ions per minute or two and one-half hours 
being protected fror light by iluminum foi 
rappings. Using aseptie technique, it is ther 


lium in the Erlen 


poure he solid blood m«e 

mever flasks. These re then incubated at 37° C 
for three eeks. Movement of the flasks must be 
strictly avoided for the first two weeks to prevent 
the bre ip of growing colonies and clumps 


ites or ibsorbed mto the 


The 


medium 


liquid evapor is 


1 
within ten dave The colonies make their 


ippearance about the twelfth day and in twenty 
one davs are well separated. distinet. cireular 
raised, light brown in color, and the majorit ire 


rough 
Result This method was compared with six 

others, which included four combinations of solid 

medium overlaid with fluid (Tarshis medium over 


] Lidl 


medium 


with either (a) Sauton medium, (6) Sauton 


Sauton medium 


d Dubos liquid 


with human serum, ( 


per cent chareoal, or 


plus 1 
Dubos oleic A id 


The 


overlaved 


medium) and two solid media 


Tarshis blood-agar medium de 
Tarshis 


Sauton medium with buffer and human serum, in 


and 


aga} 


scribed here, medium with 


general vielded the highest count and gave the 
most consistent counts 
An example of the reproducibility of this 


method and a comparison with the previous 
standard method employed in this laboratory 
Dubos oleic-acid-agar) is shown in table 1, in 


which the results of counts of 5 fluid and 5 dried 
vaccines, selected at The 
individual counts of each flask and plate are shown 
as the average number of 
As mentioned 


random, ure show n 


the table well 


viable organisms in each vaccine 


above, the spread of results within a test is gen 


erally less than that obtained with the other 
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10. 400, 410, 490, 540 
10. 480, 520. 540, 550 
520. 540. 560. 670 


120. 570. 570. 620. 670 


10, 2900, 290, 290, 310 
500. 560, 600, 620, 640 
120. 120. 180, 180, 200 
60. 480. 480. 500. 560 
med sed nad the vernage count is usually 
higi 
1 dvantages of solid medium overlaid with 
fluid mav be listed as follows: The blood agar sur 
ee never completely dry, resulting in better 
color ppearance. The results are more uniform 


and the counts are generally available sooner than 
vith other medi The colonies are distinct, well 
separated, and easy to count. The buffered Sauton 


medium reduces or eliminates bacterial con 
taminants 


to i the 


rshis blood 


medium of 


gat medium would ippear 


oice as the solid base of 
any combination of media since, in addition to its 


being ¢ xcellent for the growth of mycobacteria, its 


S17 


WITH A Mepicum OverLatip witu 
AGAR 
( ( 
D ( \ \ 
I A 
146 250, 3500, 300, 320, 460 322 
330. 370. 420. 430. 580 196 
370, 380. 400. 400. 410 392 
370. 420. 430. 440. 480 12S 
974 250, 260. 310, 340, 350 302 
584 100, 400, 500, 560, 560 1S4 
160 SO, 100, 100, 160. 180 124 
176 100, 400, 500, 520. S5S0 180 


color allows for more distinctive colony formation 
than other media. Furthermore, the presence ol 
hemin might be a help in the isolation of organisms 
weakened by exposure to isoniazid 

The procedure reported here has interesting 
potentialities in diagnostic work and in identifica 


tion of mycobacteria 


B. B. Drena 
L. Kipus 
L. GREENBERG 
Biologics Control Laborato 
Laborato of Hugiene 
De partment of National Health and Welfare 


Ottawa, Canada 


February 3, 1959 
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CHEMOTHERAPY IN PNEUMOCONIOSIS COMPLICATED 
BY TUBERCULOSIS 


To the Editor of the American Review of Tubercu 


losis and Pulmonary Diseases: 


We are perturbed by the poor results which have 
been reported with chemotherapy in pneumo 
The 


Morrow and Dr. Kantor in your 


coniosis complicated by open tuberculosis. 
article by Dr 
issue of October, 1958' stimulated us to a review 
of the literature and to an analysis of our own 
results. All detailed reports, including the most 
recent ones,'-> stress the infrequency of sputum 
conversion to negative in these cases. Resistance 
often emerges, and the prognosis is regarded as in 
evitably gloomy. 
more encouraging. We 
with 
and with sputum positive on culture for tubercle 
bacilli who had been admitted to three Scottish 


Our results are much 


investigated all patients pneumoconiosis 


hospitals from 1953 to 1958. There were 25 such 


patients, mostly coal miners. In 18 the presence 


of progressive massive fibrosis indicated severe 


pneumoconiosis. In 12, streptomycin (1 gm.), 
PAS (10 to 20 gm.), and isoniazid (200 mg.) were 
given daily. In 8, the chemotherapy was similar 
except that the streptomycin was given three 


times weekly. Two were given streptomycin, 1 gm., 
both daily: one, 
mycin, 1 gm., with PAS, 15 
and one, PAS, 10 gm. daily, 


and isoniazid, 200 mg., strepto 
three times weekly 
gm. daily; with isoni 


azid, 200 mg. daily. In every patient there was 
sputum conversion to negative culture within the 
first three months. One patient relapsed after five 
months because he refused further treatment. In 
another patient, in whom streptomycin had to be 
withdrawn because of toxicity, a positive culture 
Morrow, C. 8., Kantor, M.: Am. Rev 
Tubere., 1958, 78, 524. 

AnprEws, N. C., ef al.: Am. Rev 
1958, 77, 62 

Sapier, R. L.: Brit. J. Tubere., 1958, 62, 163. 

R. H.: Dis. Chest, 1957, 32, 323. 


Probl. Tuberk., 1957, 35. 62 


Tubere., 


VERS, 
SOLOVES a, V. \. 
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was obtained in the eighth month of treatment 
though PAS and isoniazid were being given; vio- 
mycin was given in addition, and all subsequent 
cultures have remained negative. In the remaining 
23 patients the sputum has been consistently 
negative on culture. After discharge, the patients 
have continued with combined cachets containing 
a daily dose of 10 gm. of PAS and 200 mg. of isoni 
azid. The average duration of chemotherapy was 
two years. So far none has relapsed, although in 
half of the 
stopped for a mean period of nine months. 


patients chemotherapy has been 

Pretreatment sensitivity tests showed full sensi- 
tivity to all three drugs, except for streptomycin 
in one instance. No resistance emerged during 
treatment. The roentgenographic lesions usually 
regressed only slightly, and cavity closure was 
uncommon. 

Fuller details will be given in a paper which we 
hope to publish shortly. In the same report, we 
have also tried to account for the failure encour 
tered by so many others. Our results do show that, 
by using principles developed in uncomplicated 
pulmonary tuberculosis,*: 7 sputum conversion to 
negative should be achieved in almost all patients 
who suffer from advanced pneumoconiosis com- 


plicated by open tuberculosis. 


A. PINEs® 
J.H. Ramsay 
De partie nit of Tuberculosis and 
Diseases of the Re sprratory System 
Edinburgh University and 
Tuberculosis and Respiratory Diseases Unit 
Bangour Hospital 
Scotland 


February 27, 1959 


6 Ross, J. D. et al.: Brit. M. J., 1958S, No. 5065, 
907 
ami. 

7 Crortron, J. W.: Am. Rev. Tubere., 1958, 77, 
S64 


’We are indebted to Drs. G. J. Summers, 
C. Kelman Robertson, N. W. Horne, I. W. B 
Grant, and Professor J. W. Crofton for allowing 
us to investigate their patients and for criticism. 
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Books 


La SoucuE pu BCG. By A. Frappier and M. Panis- 
set. Pp. 120, Monograph of the Institute of Micro- 
biology and Hygiene of the University of Mont- 


real, 1957. 


This book, written by investigators who have been 
studying BCG for more than twenty-five years, 
concerns the work of severa! international com- 
mittees: The Committee of Experts on Tubercu 
losis of the O.M.S., The Commission on BCG of 
the International Antituberculosis Union, and the 
International Childhood Center. The 
draw, not only on a very complete historic study 


authors 


of the original strain of BCG, but also on the 
comprehensive inquiries they have made at forty- 
eight laboratories producing BCG. 

Since BCG was first administered to the infant 
in 1924, approximately fifty laboratories through 
out the world have been preparing vaccinal sus 
pensions of BCG. 
periodically received from the Pasteur Institute 
(Danish, 


Some institutions use strains 


or from other central laboratories 
Swedish, Brazilian), and others employ the strain 
that the Pasteur institute gave them twenty to 
the 


stocks are not kept in a rigidly uniform fashion, 


thirty vears ago. In the various laboratories, 


nor is the vaccine prepared in a standard way. 
It is therefore not surprising that vaccines sup- 
plied by different laboratories sometimes vary in 
their allergizing properties or in the frequency 
of the lymphatic tissue reactions they provoke in 
man. 

(re the 
preparation or to the way of using the vaccinial 


these variations due to method of 
suspension, to phenotypical variations, or, on the 


contrary, to the creation of new substrains dif 


fering genotypically from the original stock of 
Calmette and Guerin? The two mechanisms first 
mentioned unquestionably have important influ 
but are Consequently, 
the latter the 
examined with the greatest care and present under 
the title: ‘“‘Has the strain of BCG varied since 


1933?” 


ences, easily rectified. 


it is possibility which authors 


Between 1921 and 1923, Calmette and his school 
described the pathogenic, allergizing, and immu 
nizing properties of BCG. The description, very 
accurate for that time, is carefully analyzed by 
Panisset, who conclude that, if 
BCG are studied with the 


same technique, most of them are found to be 


Frappier and 
actual substrains of 
strikingly similar to the original one studied by 
Calmette 
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Between 1924 and 1930, the principal concern 
was to check for the eventual return of virulence. 
Since 1930, this fear has not materialized but, 
instead, ‘‘over-attenuation’’ has been a particular 
concern among clinicians. In fact, if Calmette’s 
testing techniques are applied to the guinea pig, 
this fear is not justified, even in 1958. 

On the other hand, if different substrains of 
BCG are with techniques 
(intradermal inoculation in the guinea pig, intra- 
venous in the mouse), it becomes apparent that 


examined modern 


the substrains are not rigorously identical and 
may differ in certain genotypic characteristics. 
In vitro, they may differ in their ability to grow 
in Besredka’s medium, in their reaction to neutral 
red, in their reaction to sodium salicylate (see the 
work of the Commission on Laboratory Methods 
of the International Antituberculosis Union), or 
in giving rise to ‘‘spreading”’ or ‘“‘nonspreading”’ 
colonies (Dubos). In in vivo systems, they may 
differ in their ability to multiply and survive in 
mouse tissues, an aptitude which generally paral- 
lels their immunizing power for this animal (Du- 
bos and his school). 

The fact that different substrains of BCG ac- 
tually exist proves that the original strain has 
been able to change in various ways in some 
laboratories. The 
makes it mandatory to have a constant control of 
BCG, and the authors devote the second part of 
their book to such a control. The control consists 
in determining in the laboratory, before using it 
in man, whether a substrain is suitable for human 


possibility of these variations 


vaccination, and eventually to make the choice 
among the Unfortu- 
nately, the parallel between the results of labora- 


substrains in actual use. 
tory tests and the influence of BCG in man is still 
far from constant. In some exceptional cases, cor- 
the Phipps strain corresponds in 


“spreading” 


relation exists: 
respect (high proportion of 


vaccinating effectiveness in the mouse, 


every 
colonies, 
aptitude to provoke adenopathies in man) to the 
strains ‘‘Moreau”’ or ‘*Tyce.’’ In other instances, 
however, the parallel is far from proved and, ac 
cording to the authors, the most urgent task for 
investigators of BCG is to determine the most 
suitable laboratory tests for the effective control 
of substrains of BCG as well as for vaecinal sus 
pensions themselves. 

This book does not claim to solve the problem 
of control, but rather to chart a work program for 
organization of the setup for a control. The au- 
thors stress the difficulties of this work, the strict 


820 
conditions heretofore uncommonly adhered to, 
in which comparisons must be made not only of 
vaccines ready for use, but also of substrains. 
Although in the limited space of a 120-page 
book, which is very well edited and excellently 
produced, the authors unfortunately cannot make 
“a very critical study of the literature, nor suffi 
ciently review the causes of error in some of the 
techniques e.g., the 
enumeration of viable bacilli, this work will be an 


essential to any control, 
indispensable guide to all who wish to become 
familiar with the problem of the control of BCG. 


Noe. Rist 


Paris, France 


REHABILITATION AFTER ILLNESS AND ACCIDENT. 
Edited by Thomas M. Ling and C. J. 8. O’Malley. 
Pp. 119, The Williams and Wilkins Co., Baltimore, 
1958. Price, $3.50. 


This short and extremely readable book takes a 
refreshingly frank look at what rehabilitation is 
and why some doctors are interested in it and 
others are not. Written by British authors, it 
necessarily relates rehabilitation to a more inclu 
sive the United 
States, and clearly shows that there are liabilities 


social coverage than exists in 
connected with this as well as assets. 

The introduction of the book is an excellent 
summary of the general principles of rehabilita- 
tion in its broadest sense. It points out that re 
rehabilitation as the doctors’ responsibility can 
only be done with team-work, and is becoming 
increasingly recognized as an integral part of any 
hospital service. 

The chapter by Dr. Ling on emotional factors in 
rehabilitation has such simplicity and clarity that 
it can immediately be used by any doctor or by 
nursing staffs. This 
extends throughout the book and makes it much 


keynote of practicability 


more usable than philosophic or highly specialized 
texts. 

In Dr. Chiesman’s chapter, he takes the pro 
vocative problem of increased industrial absentee 
ism in spite of all our medical advances, and very 
forthrightly argues the factors involved. Particu 
larly interesting is his belief that definitions of 
positive health make people apprehensive about 
their present condition which, of course, is the 
beginning of ill health. 

Dr. the 
Medicine at the University of Malaya in Singa- 


Davies, who is Professor of Social 
pore, expresses some bitterness in his chapter on 
He feels the role of 


the industrial medical officer is honestly quite 


rehabilitation after illness. 


BOOKS 


limited and that rehabilitation is only important 


when there is full employment. He does express | 


the importance of doing a full profile of the pa 
tient’s physical, mental, emotional, social, and 
vocational factors before making a decision about 
return to work. He cautions against sympathy 
which he says is a grossly overworked word and 
“covers oceans of slush.”’ 

Dr. John Anderson makes the point that in the 
rehabilitation of the patient with thoracic disease 
a careful subclassification of the patient’s dis 
ability must be the basis of treatment. He divides 


chest diseases into acute, long-acute, recurrent, | 


relapsing, and chronic. 

Dr. O'Malley gives a strong argument against 
diagnosing a patient as a neurotic in his chapter 
on rehabilitation in general and orthopedic sur 
gery. He says this diagnosis is sometimes given 
patients because of the failure of the doctor to 
understand symptoms or to pay enough attention 
to them. “How ready we are, when puzzled or 
resentful, when the result of the treatment is not 
as good as it might be, to blame the patient; if the 
term neurosis is not on the tip of the tongue, it 
is the forefront of the mind.’’ He also points out 
that sending a patient for resettlement or re 
training is often just a sign of failure of direct 
rehabilitation. 

The 


Barbara Stow strongly argues that, if a hospital is 


chapter on occupational therapy by 
going to have occupational therapy at all, it must 
have good occupational therapy with a_ well- 
equipped shop. It must also take the responsi- 
bility of seeing that there is good medical support 
for the occupational therapist. 

In Doctor Ling’s chapter on the organization of 
rehabilitation he shows that the hospital cannot 
advance in rehabilitation without the commu 
nity’s advancing at the same time. He also dis 
cusses some of the reasons why practicing physi- 
cians are slow to consider rehabilitation and yet 
they are absolutely necessary for the rehabilita 
tive process if it is to have any continuity. 

In reviewing this book, American readers may 
be unfamiliar with the role of a district rehabilita 
tion officer in Great Britain. He is given much 
importance in the role of rehabilitation, and it 
may be wondered if there is a similar person in 
The State 
Rehabilitation is our equivalent and the Regional 
the 


this country. Division of Vocational 


Vocational Counselor would be similar to 
District Rehabilitation Officer. 
I believe that there is a real gap in this book 


because rehabilitation nursing is not brought up 


| 
> 
| 


BOOKS 


ampere for comment. If rehabilitation is the new respon- 


rhe tae sibility of hospitals, nursing will have an impor 


of the pa tant part to play. 
As a text to be used in teaching and as a text to 


stimulate doctors to think about rehabilitation, 


cial, and | 
‘ion about 
sympathy 
word and 


hat in the 


\n EXPERIMENT IN MENTAL PaTIENT REHABILI 
ration. By Henry J. Meyer and Edgar F. Bor 
gatta. Pp. 114, Russel Sage Foundation, New 

York, 1959. Price, $2.50. 

Practice oF TuHoracic SurGcery. By A. L. 
d’Abreu. Pp. 619, The William & Wilkins Co., 
Baltimore, 1958. Price, $19.00. 
teceENT AbVANCES IN RESPIRATORY TUBERCT 

tosis. By Frederick Heaf and N. Lloyd Rusby. 

Pp. 284. Little, Brown and Company, Boston, 

1959. Price, $8.00. 
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this book has real importance and has the added 


benefit of being extremely readable. 


Harold N. Willard 
Waterville, Maine 
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*RINCIPLES OF 


American Trudeau Society 


Medical Section of the National Tuberculosis Association 


ABSTRACTS OF MEDICAL PAPERS PRESENTED AT THE ANNUAL MEETING OF THE 
AMERICAN TRUDEAU SOCIETY HELD IN CONJUNCTION WITH THE MEETINGS 
OF THE NATIONAL TUBERCULOSIS ASSOCIATION AND THE NATIONAL 
CONFERENCE OF TUBERCULOSIS WORKERS, MAY 24-29, 1959 


1A Clinical Tuberculosis associated with a high incidence of complica 
tions. There is a high incidence (70 per cent) 

Patterns of Disease Associated with Atypical 

ol positive bacteriology in resected speci 
Mycobacteria in Texas 


mens. 
Danie E. Jenkins, Davin Banar, IRvINnG c. The disease of four patients has relapsed 
Cuornas, Ritey Foster, Howarp T. BaRKLey, after many months of inactivity; and the 
Frances Wuitrcoms, Martua Foster, ELIZABETH same strain of organisms has been subse 
Jones, and HELEN McGee, Houston, Texas quently recovered. 


2. All the patients listed in Runyon’s Group 
Approximately 75 patients with clinical disease 2 
LV harbor atypical mycobacteria which, after 
associated with the isolation of atypical myco- ons 
an cultivation on laboratory media, exhibit 
bacteria are reported upon. The organisms fall 
; branching. Other cultural characteristics are 
into the following groups according to Runyon’s ar ‘ . i 
aga . : not similar to Nocardia asteroides. The pa 
latest classification: Group I (photochromogens) 
tients have mostly chronie and cavitary lung 
62, Group II (secotochromogens) 4, Group III 
(Battey strain) 2, and Group IV (pleomorphic, ar . 
Limited data have been collected on the use of 


branching) 7. 


rroup specific tuberculin and gel diffusion 
All patients except two had bronchopulmonary ir . 


antibody studies in these patients. 
manifestations. One patient exhibited only lymph . 


node disease from which photochromogens were — (hygnj; Pulmonary Tuberculosis in Individuals 
isolated, and the other a perirectal abscess in with Known Previous Primary Tuberculosis 
which Group IV organisms were found. Chest in Analysis of 121 Cases 


roentgenograms allowed the following classifica 
Epiru M. Lincoun, Lintan A. GILBERT, and 


SoLepAD M. Moraes, New York, N. Y. 


tion of extent of the disease process: minimal 8, 
moderately advanced 37, far advanced 27, hilar 


adenopathy 2, cavitary 50, and sizable pneumonic Between 1930 and 1956, 121 patients with chronic 
component 20. pulmonary tuberculosis about whom the records 
Only patients with pure cultures of atypical of a previous primary infection were available 
mycobacteria are included, and those in whom MW. were seen in the Chest Clinic of the Children’s 
tuberculosis or mixed strains were encountered Medical Service of Bellevue Hospital. The ma 
have been omitted. jority of these patients were first observed as 
Certain interesting features of this group of — children with primary pulmonary tuberculosis 
patients appeared and then later developed evidence of disease while 
1. Since long periods of therapy and observation under observation for follow-up purposes. The 
are available on most of the patients, an appraisal remaining cases were first seen in the pediatric 
of results was made age range as cases of chronic pulmonary tubereu 
a. Correlation between in vitro susceptibility — losis, but it was possible to get records of a pre 
studies, drugs employed in therapy, and vious primary infection. There were 83 girls and 
clinical results tend to emphasize the impor 38 boys in the group. Of the 83 survivors, 69 have 


tance of a proper choice of drugs and the — been followed to the age of 21 years. When the first 


avoidance of bacterial resistance to those diagnosis of chronic pulmonary tuberculosis was 


drugs to which pretreatment susceptibility made, 48 were between the ages of 6 and 12 years. 
exists, Only 34, or about 28 per cent, received any form 


b. Approximately 33 per cent of patients of antimicrobial therapy. In the entire group of 
have undergone chest surgery, mostly resee 121 patients the interval between the first evidence 
tion, with very good results and along period = of primary tuberculosis and chronie pulmonary 
of postoperative follow-up (mean of 26 — tuberculosis varied from three months to 20 years. 
months). This differs from some previous — In almost one half of the girls chronic pulmonary 
reports in which surgical results have been — tuberculosis was discovered within two years of 
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menarche. The mortality rate from tuberculosis 
was 23 per cent in the girls and 7 per cent in the 
boys. The disease was first diagnosed in a minimal 
stage in two thirds of the girls who later died of 


tuberculosis. 


Corticosteroids in the Treatment of Pulmonary 


Tuberculosis 


G. H. Hames, Lantana, Fla., Bensamin L. Brock, 
Orlando, Fla., ALtperr G. Lewis, Tampa, Fla., 
Manni, Cari C. BrrKeto, and 
Davies, Tallahassee, Fla. 


LAWRENCE C 
{0BERTS J. 


The place of corticosteroids in the therapy of 
pulmonary tuberculosis has been the subject of 
much interest and discussion in the last few years. 
These hormones have been shown to be of value 
in counteracting hypersensitivity reactions to 
antituberculosis drugs and to alter favorably the 
course of the disease in patients who were criti 
eally ill with extensive disease and severe toxicity. 
Corticosteroids might enhance the results of 
treatment in patients with far advanced disease 
who are not considered critically ill. 

In November, 1957, a study was initiated by the 
Florida State tuberculosis hospitals designed to 
explore the possible value of steroids as an adjunct 
to the routine chemotherapy of patients admitted 
with far advanced disease, excluding those who 
were considered critically ill. Newly admitted 
patients who had not had more than 30 days of 
chemotherapy were accepted for the study, pro 
vided that none of the usual contraindications to 
steroid therapy were evident. The patients were 
divided into groups on the basis of age, race, sex, 
and total extent of lung involvement. Alternate 
patients in each group received prednisolone for 
a minimum of four weeks, in addition to 300 mg. 
of isoniazid and 12 gm. of PAS daily, with which 
all patients in the study were treated. 

The results in the two treatment groups are 
being evaluated on the basis of rate of clinical 
X-ray 


sputum conversion, and evidence of side effects 


improvement, clearing, cavity closure, 
attributed to the steroid therapy. Evaluation of 
the results of treatment in 132 patients at six 
months will form the basis for the proposed pres 
entation. Of these 132 patients, 75 received predni 
solone and 57 were in the control group. 

The results observed in 100 patients at three 


months indieated significantly more rapid clinical 


and X-ray improvement in the prednisolone 
treated patients, with no significant difference in 
the two groups regarding cavity closure or sputum 
conversion. No serious side effects due to predni 
solone were encountered. It is hoped that evalua 
tion of the larger group over a longer period of 


time will permit more definite conclusions as to 


the value and safety of steroid therapy in far 
advanced pulmonary disease. 


The Impact of Corticosteroid Hormones in the 
Treatment of Tuberculous Meningitis 


B. F. Vousavec, and RayMonp F. Corps, 
Rome, Ga. 


The purpose of this paper is to compare the 
results of the treatment of tuberculous meningitis 
with antimicrobials alone and with corticosteroids 
added to a similar antimicrobial regimen. 

All the patients included in this series are 
Negroes. The two therapeutic groups were formed 
by choice, not by randomization. The strict 
criteria used for selection enabled us to obtain two 
comparable groups for analysis. 

The 33 patients received similar dosages of 
isoniazid, streptomycin, and PAS, except for one 
patient who did not receive PAS. Four patients 
had intrathecal streptomycin, and 16 patients 
received corticosteroid hormones. 

The prognostic factors of marginal age, severity 
and duration of the disease, stage of the disease, 
cerebrospinal block, low value for C. 8. F. sugar, 
severe pulmonary disease, and incidence of nega- 
tive reaction to tuberculin were similarly dis- 
tributed in both groups. Each unfavorable prog- 
nostic factor was assessed numerically. A 
numerical prognostic index was then determined 
for every case. Of particular interest is the fact 
that all four patients with block treated with 
antimicrobials alone died, and of the nine patients 
with block who received corticosteroids in 
addition to antimicrobials, only one died. A hy- 
pothesis is offered in regard to the effect of corti- 
costeroids on the exudate that causes block in 
tuberculous meningitis. 

In these two similar groups of Negro patients 
with tuberculous meningitis, only 19 per cent died 
when corticosteroids were added to the basic 
treatment regimen, as compared with 53 per cent 
who died without the benefit of corticosteroid 
therapy. 

In conclusion, corticosteroids are a valuable 
adjunct in the treatment of tuberculous menin- 


gitis. 
Relapse Experience of Optimally Treated Patients 


Tuomas F. Sueeny, Jr., Seattle, Wash. 


Six hundred and sixty-nine tuberculous patients 
who were sputum negative at least six months 
prior to discharge in 1953 were followed for five 
vears to identify factors related to relapse. The 
patients were selected from a total of 1,022 per- 
manent dischargees in that year, and the selection 
was on the basis of criteria in vogue at that time. 
These criteria were sputum negativity for a six- 
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\l Ml. Hiram T. LANGstro nd 
Kart H. Perverze, Chicago, Il 
ve cases in this study included 112 
hich extensive resection necessa;ry 
09 eases involving problems of previous 
che herapyv. bacterial resistance (particularly 
ymvein and isoniazid ind/or grossly 
posit sputum at the time of surgery 
In man cases the two groups ove rl ipped Oy 
70 | i¢ undergoing pheumonect more 
tl hird had resistant strains and positive 
sputum before surger) 


imum protection was provided by complete 


tion of each patient and eareful pl inning ol 


eV 

his chemother tps In 07 cases, one or more of the 
minor antituberculosis agents were used—viomy 

cil razinamide, and eveloserine§ (in high 
dosage Intravenous PAS, isoniazid in large 


he 


ient’s regimen were other expedients 


doses, and t inclusion of oxytetracveline in the 


Both immediate and longer-term results among 
the salvage cases compared well with those ob 
tained in cases of less extensive resection and/or 


more nearly optimal chemotherapeutic protection 


| ‘ ) 
ere! enlli eve ech si 
le ! we to drug in than thre 
he drug i ed alone nd appre 
ong he drug ised tow 
hie ‘ em ‘ drug nigh prolong 
eri ing the This pape il 
presc ‘ Oo reds pri 
re ‘ r ited hi trom A 
1054 rin \lost orm ot tuber 
( rel oOurina clet 
! neo land rving ce ( 
Pati f all ages | e been treated, fror g 
lul »octogenari 
regimen mi common! ed ha 
om repto or duo-streptomyel 
le t thi rr | wed with 12 em. of PAS 
or B-PAS) dail for the first month, and 1OO meg 
of isoniazid per day used with 3 gm. of pyrazina 


After the 


ond montl 
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was beg gain. It will be seen that no drug was 
used for longer than one month at a time. When 


PAS 1 { 


streptomycin and vere used first, streptomy- 
cin W is frequent! ised on a daily basis for the first 
montl Cycloserine oxytetracveline, ete have 
been used as substitutes on occasion The regin 

ha isually been continued bor 1 least 1 elve 


months 


On this regimen every patient became bacterio 
logically negative six months after beginning 
treatment (most patients became negative after 


two or three months), and not a single patient has 
shown bacteriologic relapse to date 


Ther 


on this re 


has been a notable reduction in toxicity 


gimen, particularly in the use of pyra 


lt has not bee nnecessury to discontinue 


pyrazinamide beenuse of laboratory or clinical 
evidence of liver disease 
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Turovore C. Surru, Joun M. Ramio, Ricuarp 


A. Coorer, Cari B. Weston, and Joun RANKIN 


Madison, Wise 


The purpose of the present investigation was to 
determine the effect of an increase in intra-alveo 
lar pressure on the uptake of carbon monoxide by 


the lungs (and hence on the ealeulation of diffusing 


L 
Ss MERICAN TRUDEAU SOCIETY 
/ ) Alte 
| 


ort ther 


rolonged 
ill 

n April 


tubereu 


100 meg 
Vrazina 
‘second 
month 
rug was 
When 
plomy- 
the first 
have 
regimen 


twelve 


icterio 
inning 
ce alter 


ent has 


OXICITY 
pyra 
mntinue 
clinical 


lCHARD 
ANKIN, 


was to 
alveo 
side by 


{fusing 


AMERICAN TRUDEAU SOCIETY 


capacity), and by repeated measurements of over 
all diffusing (Dy,) at different 
oxygen tensions to obtain estimates of the magni- 


capacity several 
tude of change in the diffusing capacity of the 
pulmonary membrane and average pulmonary 
capillary blood volume. 

Measurements of D, were performed on healthy 
adult monoxide-helium 
breathholding technique at oxygen tensions be 
tween 100 and 600 mm. of mercury both at atmos 


subjects by the carbon 


pheric pressure (open glottis) and at voluntarily 
maintained pressures (Valsalva maneuver) up to 
80 mm. of mercury higher. 

The follows: (1) An 
increase in intra-alveolar pressure of 60 mm. of 


results were as average 
mercury produced a calculated decrease in Dy, of 
about 20 per cent. (2) There is a progressive de- 
crease in the rate of carbon monoxide uptake 
during the period of breathholding at increased 
pressure, and 1);, and average pulmonary capillary 
blood volume may decrease as much as 50 per 
cent after 10 marked 
reduction in pulmonary capillary blood flow. (3) 


seconds when there is a 
Indicator dye dilution curves revealed that little 
or no blood entered the thorax during the Valsalva 
maneuver. (4) Invoiuntary increases of intra 
alveolar pressure of a magnitude found during 
ordinary clinical testing produce a measurable 
but clinically insignificant decrease in calculated 
D; 


A Closed-Circuit 
Vonoxide Diffusing Capacity of the Human Lung 


Vethod of Determining Carbon 


Hours G. Boren. and R. Coins, Houston, 
Texas 

The closed-circuit method of determining the 

earbon monoxide diffusing capacity of the human 

measuring simulta 


lung provides a means of 


neously diffusing capacity, functional residual 


capacity, and mixing efficiency. It allows variation 
of concentration of inspired oxygen and may be 
used following exercise. 
\ constant-volume, closed-circuit system is 
used with continual recording of helium and car 
bon monoxide concentrations. New equations for 
calculating diffusing capacity are derived. The 
continuous variation in concentration of carbon 
monoxide in inspired and expired air is taken into 
account. Tidal volume, frequency of breathing, 
and functional residual capacities are included as 
parameters. 
the 
diffusing capacity of the lung varies with exercise 
The 


method is clinically applicable so that the fre 


Results obtained to date have shown that 


and exhibits a limiting maximal value. 


quency of diffusional defects may be studied. It 
does not require blood samples and provides excel 
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lent resolution of normal persons from those with 
diffusional defects. 


The Simultaneous Relationships of Diffusing Ca- 
pacity and Pulmonary Capillary Blood Flow 
to Alveolar Volume from Areas of the Lung 
Differing in Ventilation in Normals and 
Patients with Emphysema 


8. Spicer, Jr., Baltimore, Md., Ropert 
L. Jounson, Jr., Dallas, Texas, and Roperr 
E. Forster, Philadelphia, Pa. 

Simple modifications in the bag-box spirometer 
system used to measure diffusing capacity (Dy) 
and pulmonary capillary blood flow (Q. ) make it 
possible to measure these factors simultaneously 
from areas of the lung differing in ventilation. 
Nineteen determinations in four normal subjects 
resulted in mean values for D, and Q. from well- 
ventilated areas of 26.1 
5.97 L./min., respectively. From the poorly venti- 
lated areas the mean values were D,, 26.1 ml./ 


ml./min./mm. Hg. and 


min./mm. Hg. and Q., 5.51 L./min. Determination 
in seven patients with emphysema gave mean 
values of well-ventilated D,, 21.2 ml./min./mm. 
Hg. and Q., 4.50 L./min. and poorly ventilated 
(15.4 per cent difference in helium dilution) Dy, 
21.9 ml./min./mm. Hg. and ., 5.05 L./min. How 
ever, there was considerable variation among the 
patients with emphysema, and in one patient 
complete absence of diffusion and blood flow was 
found in the poorly ventilated areas. In addition, 
an artefact that may affect the measurements in 
normals and markedly affect those in patients with 
emphysema (up to 50 per cent error) was demon- 
strated. The physiologic cause of this artefact was 
also demonstrated. 

In the individuals tested: 

1. D/Va (ratio of diffusion capacity to total 
alveolar gas volume) was distributed independ 
ently of ventilation. 

2. An the 
demonstrated, and a means of circumventing this 


artefact in standard method was 
was offered. 

3. There was the suggestion that diffusing ca- 
pacity is not necessarily distributed proportion- 
ally to pulmonary capillary blood flow. 

1. The uniqueness of the method was demon- 
strated by measuring simultaneously the presence 
and the absence of perfusion in various areas of 
the lung of a patient with cystic changes. 


Dimensional Responses of Bronchi to Atrway 


Pressure, Gases, and Druaqs 


Kaye H. Kitpurn, Denver, Colo 


The changes in length and diameter of bronchial 


segments in response to various stimuli were 
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visualized in 14 lightly anesthetized dogs by in 
stilling Dionosil* into the right main bronchus 
With the dog’s position fixed and respirations 
arrested by succinylcholine, lateral bronchograms 
were made at endobronchial pressures of 5, 10, and 
15 em. of water. Films to assess gas and drug re 
sponses were obtained at 10 em. of water. 

water airway altered 


Five cm. of pressure 


lengths of lobar bronchi —7 to +9 per cent and 
increased diameter 12 to 63 per cent; 10 em. of 
water increased lengths 2 to 23 per cent and diam 
eters 23 to 93 per cent; 15 em. of water slightly 
augmented diameters; 5 em. of water maximally 
distended subsegmental and segmental bronchi. 

Intravenous acetylcholine constricted subseg 
mental bronchi to fine lines and produced knobs 
in larger bronchi. Lengths were reduced 5 to 10 
per cent, and diameters 16 to 62 per cent. Acetyl 
choline by aerosol constricted main and diaphrag 
matic bronchi without affecting smaller bronchi. 
This was due probably to distribution of particles 

Histamine constricted distal, subsegmental 
bronchi while all proximal bronchi changed less; 
diameters were reduced S to $2 per cent and 
lengths 0 to 22 per cent. 

Serotonin produced extreme beady constrictions 
of small bronchi and narrowed lobar bronchi and 
the trachea. Lobar bronchial lengths were reduced 
0 to IS per cent and diameters narrowed 27 to 76 
per cent 
acetylcholine, hista 


Isoproterenol follow ing 


mine, or serotonin restored pretreatment dimen 

length 
Atropine 
but not 


Diameters approximated, but 


exceeded, controls 5 to 15 per cent. 


restored diameter ll to +13 per cent 
length and failed to block acetylcholine constric 
tion 

Breathing 10 per cent carbon dioxide for 3 to 
10 minutes reduced bronchial diameters 5 to 60 per 
cent and lengths 3 to 12 per cent without producing 
distortion, and results of 100 per cent oxygen 
breathing were inconclusive. 

\ neglected bronchial 


method for studving 


physiology demonstrated greater alterations of 
diameter than length in response to most stimuli 
Bronchial 


histamine, and serotonin is blocked by isoprotere 


spasm produced by acetylcholine, 
nol. Atropine is less effective. 


Differential bronchography might aid the 


early recognition of diseases that alter bronchial 


elasticity 


ilmonary Function in Chronic Obstructive 


Emph ysenia 
M. Henry Witiiams, Jr., and Lenore R 
ZoumMAN, Valhalla, N. Y. 
Data have been obtained on various aspects of 


cardiorespiratory function in 22 cases of chronic 
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pulmonary emphysema. Each patient had re 
peated measurements of maximal midexpiratory 
flow rate (MMF 


blood gases during rest and exercise, of diffusing 
monoxide 


and vital capacity, of arterial 


capacity by the steady-state carbon 
method during rest and exercise, and, less fre 
quently, of pulmonary vascular pressures and 
flows during rest and exercise. From these data, 
the pathophysiology of chronic pulmonary em 
physema emerges as a fairly homogenous picture 


(MMF 


never greater than 1 liter per second in over 200 


of chronic, severe airway obstruction 


measurements), mild hypoxemia and carbon 
dioxide retention only slightly increased by exer 
cise, pulmonary hypertension particularly during 
exercise, severe reduction of the diffusing capacity 
during rest and exercise (never greater than 12 
ec. per minute per mm. of mercury during exer 
cise), and a normal resting cardiac output that 
subnormal during exercise. These 


their 


was slightly 


abnormalities were examined in terms of 
pathogenesis and their relationships to the struc 
tural abnormalities present in pulmonary emphy 
sema. Particular attention was devoted to the 


contributions of reduced alveolar ventilation, 
impaired diffusion, right-to-left shunts, and dis 
ordered ventilation/perfusion relationships in the 
lung to the development of hypoxemia and exer 
cise intolerance. Histories of selected patients 
followed over a period of three vears with repeated 
measurements of all functions illustrate the fact 
that the functional abnormalities in pulmonary 
emphysema need not become progressively more 
severe. 

The Syndrome of Pulmonary “Hyperinflation” 
An Early Stage of Chronic Pulmonary Tnsuffi 


ciency 1 Preliminary Re port of 40 Cases 


James C. Syner, and Jor. H. Ricnerr, 


Denver, Colo. 


Pulmonary function studies were carried out in 
patients undergoing medical chest evaluation. In 
10 of these patients, each of whom had a normal 
ventilatory profile as judged by measurements of 
external spirometrics, significant abnormalities 
were detected in lung volume measurements and 


The 


increased size of the fune 


lung compartment relationships abnor 


malities consisted of 
tional residual capacity, residual volume, and 
total lung capacity and elevation of the residual 
volume total lung capacity ratio and mixing index 


(per cent of alveolar nitrogen 


These changes are compatible with those ob 


served in obstructive pulmonary emphy sema. The 


striking differences between this state of “‘hyper- 


inflation”? and obstructive emphysema are: (J) 


normal external ventilation and (2) absence of 


In selected cases associated 


airway obstruction. 


mend, 
| | 


d re 


atory 
terial 
using 
oxide 
fre 
and 
data, 
em 
cture 
r 200 
irbon 
exer 
uring 
acity 
in 12 
exer 
that 
“hese 
their 
truc 
phy 
» the 
tion, 
dis 
n the 
exer 
ients 
“ated 
fact 
nary 


more 


it in 
1. In 
rmal 
ts of 
ities 
and 
nor 
une 
and 
dual 


ndex 


ob 
The 
per- 

1) 
e of 
ated 


AMERICAN TRUDEAU SOCIETY $27 


abnormalities were detected and included: hy- 
poxia, hyperventilation or treadmill exercising, 
and decreased oxygen diffusing capacity. 

Clinical findings usually consisted of cough, 
sputum production, frequent and persisting re- 
spiratory infections, chest pain, exertional dysp- 
nea, coarse rhonchi, and a normal chest roentgen- 
ogram. Chronic bronchitis was the usual clinical 
diagnosis. 

This state will be missed if a normal ventilatory 
profile is accepted as evidence of normal pulmo 
nary funetion. It is considered to represent an 
early stage of chronic pulmonary insufficiency. 


The Roentgenog: aphie Determination of the Total 
Lung ¢ ‘apa ity in Health, Emph ysema, and 
Congestive Heart Failure 


Joun A. Prerce, Howarp J. BARNHARD, JOHN 
Joyce, and Joseru Bares, Little Rock, Ark. 


\ si iple method for the determination of total 
lung capacity could be useful in clinical medicine. 
{ new technique has been developed that con 
siders the shape of the lungs as elliptical in trans 
verse or cross section. Corrections are measured 
for the volume of the heart and the space occupied 
by the diaphragmatic domes. A calculated quan 
tity is deducted for the intrapulmonary blood and 
tissue volumes. 

The roentgenographic method has been com 
pared to conventional spirometric nitrogen 
dilution measurements of total lung capacity in 
74 subjects. These subjects were in four groups as 
follows: healthy young, 21, healthy old, 25; em 
patients with 


physema patients, 16; and 


congestive heart failure, 12. 

\ high degree of correlation was found between 
the two methods of measuring total lung capacity 
in the healthy young group (r = 0.88), the healthy 
old group (r = 0.88), and the group with conges 
tive heart failure (r = 0.87). A significantly lower 
coefficient of correlation was obtained in the 
emphysema group (r = 0.41). The mean total lung 
capacity in these patients was 0.8 liters more 
when measured roentgenographically than when 
measured with the spirometer dilution technique. 
This finding ean be attributed to errors in the 
uitrogen dilution method of measuring the resid 
ual volume in patients with emphysema. In the 
literature, pressure volume diagrams of the lung 
in emphysema are in error wherever the volume 
has been determined with the nitrogen dilution 
method. The volume elastic properties of the 
lungs are more severely altered in patients with 
emphysema than was previously indicated. 

These findings agree with the results of Bedell, 
Marshall, DuBois, and Comroe, who studied intro- 
thoracie gas volumes with a body plethysmograph. 
The present roentgenographie technique was also 


compared with previous roentgenographic meth- 
ods and further studied in a small series of the 
cases reported by Bedell and associates. The 
method appears to be sufficiently accurate for 
clinical use. 


The Estimation of Ventilatory Function by Means 


of Fl “uoroscop y 


Gorpon L. Sniper, and ALLAN SHaw, 
Chicago, Ill. 


Fluoroscopy of the chest has long been advo- 
cated as an important tool for the evaluation of 
ventilatory function. In order to evaluate the 
accuracy of prediction of ventilatory function 
from fluoroscopy, estimates of the maximum 
breathing capacity (expressed as per cent pre- 
dicted normal) were made at the end of routine 
fluoroscopic examination on all patients studied 
in the pulmonary function laboratory. The fluo- 
roscopist had no prior knowledge of the patients. 

Two groups of 100 patients were then collected 
for analysis. These were all patients with pulmo 
nary tuberculosis who had been referred to the 
laboratory for evaluation of risk prior to thoracic 
surgery for treatment of their disease. The cases 
were unselected except that they represented 
consecutive fluoroscopic examinations by one of 
the writers. These were performed on one of the 
groups between October, 1953 and February, 1955 
and on the other group between April, 1957, and 
March, 1958. 

The difference between the maximum breathing 
capacity as predicted fluoroscopically and the 
laboratory measurement of maximum breathing 
capacity was designated the error of fluoroscopic 
estimate. The mean fluoroscopic error for the 200 
cases was 11.4 per cent of predicted normal with a 
range of +39 per cent normal and a standard de 
viation of 9.6 per cent normal. In 83 cases ventila 
tory function was overestimated and in 88 it was 
underestimated. Fluoroscopic estimate coincided 
exactly with determined data 29 times; 53 per cent 
of the cases fell in the range of +10 per cent nor 
mal; however, 20.5 per cent of the estimates were 
found to be beyond the range of error of +20 per 
cent normal. Comparison of the error of fluoro 
scopic estimates in the two groups showed there 
was an effect of experience on the accuracy of the 
fluoroscopist. Thus, the mean fluoroscopic error 
fell from 13.1 per cent normal in the first group to 
9.3 per cent normal in the second group, and this 
difference was statistically significant. 

A technique was also devised for estimating 
ventilatory function from a full inspiration chest 
film that was taken during the period of laboratory 
study. The mean error of estimate of ventilatory 
function based on the X-ray film was 17.1 per cent 
of normal. This was significantly larger than the 
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error of fluoroscopic examination. The error of 
roentgenographic estimate was consistently in the 
direction of underestimating function. 

Other factors possibly affecting the accuracy of 
fluoroscopic estimate were also investigated, such 
as the presence or absence of mediastinal shift, 
the presence of previous surgery, the presence of 
airway obstruction, the severity of measured 
ventilatory function abnormality on the amount 
of roentgenographic abnormality. 

It is concluded that, although fluoroscopy re 
mains a very valuable tool in estimating ventila 
tory function, the error of estimate is very large in 
about 20 per cent of patients. Fluoroscopy cannot 


be used when precise measurements are necessary. 


Pulmonary Vascular Resistance in Acquired Heart 


Disease 
Cuarms and Bernarp L. Brorman, 


Cleveland, Ohio 


Bernarp L 


The role of the pulmonary vasculature in con 
genital and acquired heart disease has received 
considerable attention. Pathologically, medical 
hypertrophy and intimal proliferation have been 
demonstrated. It is generally accepted that these 
changes develop to protect the pulmonary capil- 
lary bed against high flows or pressures. 

Temporary unilateral pulmonary artery occlu 
sion has been demonstrated as a useful tool and 
a unique method for increasing pulmonary blood 
flow without over-all change in cardiac output or 
left atrial pressure such as occurs with exercise. 
Accordingly, seventeen patients with acquired 
heart disease were studied, both before and after 
main 
artery by an the 
a special triple lumen cardiac 


of either right or left 
cuff on 


sudden occlusion 


pulmonary inflatable 
middle lumen of 
catheter. Proximal and distal (or wedge) pressures 
were measured, cardiac contents determined, and 
pulmonary arteriolar resistance calculated before 
and after occlusion. All patients had elevated 
wedge or distal pressures ranging from a mean of 
10 to 35 mm. of mercury, and pulmonary artery 
pressures ranged from means of 26 to 90 mm. of 
mercury. With occlusion, in all but one case, there 
was no change in pulmonary artery pressure. Since 
total cardiac output was perfusing a single lung, 
that lung 
able to accommodate the abrupt increase in flow 


irrespective of initial resistance, was 
without pressure change. Resistance was, there 
fore, abruptly lowered to approximately one half 
the control value. 

It is concluded that, despite the anatomic evi- 
dence of pulmonary arteriolar change, the pulmo 
nary vascular bed can accommodate an increase 
in flow at a greatly reduced resistance. It is sug 
that factors, such as in 


gested extravascular 
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intra-alveolar 


secondary to 


creased pressure 
bronchoconstriction, may play an important part 
inthe pulmonary resistance and pulmonary hyper- 


tension seen in acquired heart disease. 


2A Symposium on Pulmonary Emphysema 
The Elastic Fiber System of the Human Lung 
Crayton G. Loosit, Los Angeles, Calif. 


(Abstract not available at time of publication 


Pathology 
Davip M. Sprain, Brooklyn, N. Y. 


(Abstract not available at time of publication) 


Relationship Between Bronchitis and Emphysema 
Cuarves M. Fiercuer, London, England 


(Abstract not available at time of publication 


The Pathology and Pathoge nesis of Emph ysena 


Kennetu H. McLean, Rochester, Minn. 


The pathogenesis of emphysema is not simple. 
It has been suggested that emphysema results 
from the effects of a single process, such as me 
chanical stress, ischemic atrophy, or an undefined 
type of atrophy, but such hypotheses are unsatis 
factory. The general hypothesis that the disease 
is a sequel of inflammatory damage to the small 
airways is considerably more attractive. One 
shortcoming of this hypothesis is that the natural 
history of bronchiolitis has not been adequately 
studied. Study of bronchiolar inflammation in its 
commoner forms indicates that complete obstruc 
tion of small bronchioles and respiratory bron 
chioles is an integral part of the process. In simple 
acute bronchiolitis, the aeration of the more distal 
passages is maintained by collateral ventilation. 
When 


mucus or exudate, bacteria in the plug may pro- 


bronchioles are obstrueted by plugs of 
liferate and cause super-added bacterial bronchio- 
litis if the plug is retained for a sufficient period. 
in the bron 


form of 


changes 
after 


Permanent structural 


chioles are not uncommon any 
bronchiolitis. These changes include partial or 
complete obliteration of the lumen and damage to 
their recognition may be 


wall structures, but 


masked by reparative processes. Tissues repre 
senting an obliterative bronchiole tend to become 
less conspicuous, whereas any air passage lined 
with connected tissue, regardless of whether it is 
a damaged bronchiole or a new pathway, tends to 
develop the structure approximating that of a 
normal bronchiole. The difficulty with which some 
old inflammatory damage is recognized readily 
leads to underestimation of the extent of such 


damage. 
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If lesions are sought in which there is minimal 
emphysema, enough of the original structure can 
be recognized for the observation to be made that 
emphysematous change occurs in the immediate 
vicinity of air passages in which evidence of old 
inflammatory damage can be identified. This asso- 
ciation was seen most clearly in the form of the 
that “centrilobular” 
emphysema but was also recognized readily in 


disease has been termed 
small localized emphysematous lesions. 

An hypothesis based on these observations of the 
natural history of bronchiolitis may be outlined 
as follows. During an attack of acute bronchiolitis 
there is diffuse obstruction of small bronchioles by 
mucus and exudate. The air passages beyond the 
oecluded bronchioles are ventilated by collateral 
ventilation this ventilation is 
sufficiently good to prevent arterial desaturation, 


and, although 
air enters and leaves these regions more slowly 
than it does in a normally ventilated lung. With a 
violent expiration, such as a cough, a normal lung 
is subject to little or no stress; but where diffuse 
bronchiolar ovstruction exists, considerable local 
pressure gradients persist for an appreciable time 
and exert unusual stresses upon the tissues in the 
area. If the plugs are not properly expelled, this 
stress will be repetitive and will only cease when 
either the plug is expelled or sufficient breakdown 
of tissue occurs to permit freer collateral ventila 
tion. A normal lung probably withstands this 
stress relatively well, but tissue, the elasticity of 
which is reduced by inflammation, tends to stretch 
and break with repeated stress. The application 
of this hypothesis may be seen most clearly in 
the 


passages involved in the emphysematous process 


minimal centrilobular lesions in which air 
are those immediately related to the region of 
bronchiolar inflammation. 

The progress of the disease would then depend 
upon the duration, severity, and number of subse 
quent inflammatory episodes. Repeated minimal 
inflammatory episodes might lead to slow discon 
tinuous progress of the disease, but an equiva- 
lent from one 
severe prolonged episode. With progress, dilata 
tion and breakdown of the tissues comprising the 


amount of damage could result 


finer airways involves the whole lobule, inter- 
lobular septa, and finally even intersegmental 
septa. Tension of surrounding structures on the 
bronchiolar wall decreases and bronchioles col 
lapse more and more readily on expiration, aggra- 
vating the trapping of air in the emphysematous 
regions and so accelerating the rate of progress of 
the disease. 

Inflammatory processes leading to emphysema 
range from subclinical pneumonitis through the 
more common respiratory infections such as influ 
enza and bronchitis to the more dramatic illnesses 


of sufficient severity to be recalled by the patient 
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after many years when questioned by his physi- 
cian. It would be expected, therefore, that patho- 
logic evidence of past inflammatory processes 
frequently occurs in the absence of memorable 


respiratory illnesses. 
Localization of Pulmonary Emphysema 
Davip V. Bates, Montreal Canada 


(Abstract not available at time of publication) 


Basic Physiologic Abnormality 


Gites F. Fittey, Denver, Colo. 


(Abstract not available at time of publication) 


2B Differentiation of Mycobacteria 
Atypical Acid-fast Bacilli 


McMILLeN, and Danie. Kusaner, 
Chicago, Ill. 


Ten per cent of all acid-fast bacilli isolated from 
the more than 30,000 specimens submitted to the 
tuberculosis laboratory of Cook County Hospi- 
tal over a five-year period (1954-1959) were not 
typical of M. tuberculosis. 

The atypical organisms isolated over this five 
year period included only 42 strains of rapidly 
growing acid-fast bacilli, which were identified as 
M. fortuitum, 28; M. smegmatis 7; M. phlei 2; M. 
rhodochrous, 5. The rest of the atypical isolates, 
all slowly growing organisms, separated into three 
groups based upon pigment production: nonchro- 
mogenic mucoid growth, photochromogeniec dry 
growth, and scotochromogenic mucoid growth. 

Seventy-eight strains of the slowly growing 
atypical have 
ploying type cultures of M. bovis, M. intracellu- 


isolates been investigated, em- 
laris, M. kansasii, M. marianum, M. scrofulaceum, 
and M. paraffinicum for a comparative study of 
their cultural and biochemical behavior. Determi- 
nations included 
Léwenstein-Jensen, glycerol, blood, EMB, and 


characteristics of growth on 
cornmeal solid media, in Penassay and Dubos 
broth media, and the use of organic acid salts. 

To date the data indicate (1) the prevalence of 
atypical strains in unselected cultures and the 
predominance of the slowly growing types, (2) 
the occurrence of three distinct groups of the 
slowly growing organisms, and (3) the definition 
of some of the characteristics of these groups in 
comparison with named Mycobacterium species. 


An Attempt to Subgroup the Acid-fast Bacilli on 
the Basis of Their Catalase Activities: 
Preliminary Report 
Kusica and GLeason Poot, 
Chamblee, Ga. 


GeorGce P. 


It is well known that mycobacteria produce the 
enzyme catalase. But strains of acid-fast bacilli 


| 
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that become resistant to isoniazid frequently lose, 


or experience a lowering of, their catalase ac- 


tivity. This loss of catalase activity, which seems 


to accompany increased microbial resistance to 
isoniazid, also has been correlated with attenua 
tion in virulence of said microorganisms for the 
guinea pig. The suggested correlation between 
catalase activity and virulence of mycobacteria 
led Schweiger ef al., to develop an experimental 
procedure for distinguishing virulent mycobac 
teria from avirulent and saprophytic strains. The 
purpose of this study was to simplify the proce 
dure of Schweiger and to extend the investigation 
to include bacilli 


to be associated with human tuberculosis 


other varieties of acid-fast 
likely 
or with clinical materials isolated from suspected 
tuberculous patients 

Studies were performed on 60 cultures of various 
types of acid-fast bacilli, including representa 
tives of the following groups: human, bovine, 
avian, avirulent, saprophytic, cold-blooded, drug 
resistant, and anonymous (atypical acid-fast 
bacilli. The first 


obtained from egg slants; however, it 


studies were done on cultures 
was found 
that the test also could be performed on cultures 
grown in Tween*-albumin broth. Catalase tests 
were performed either in buffered solutions (pH 
1, 7, 10) or in broth suspensions at room tempera 
25°C.), or at 56°C., or at 


ture (approximately 


68°C. Exeept in cases in which specific pH was 
desired, it was found that buffered suspensions 
were not needed and that cells could be left either 
in the original broth suspensions or on culture 
slants. For a standard test, culture suspensions 
were left in the respective pH-buffered solution or 
controlled-temperature water baths for twenty 
minutes. To the bacterial suspension was then 
added 1 ml. of a 1:1 mixture of Tween 80 and super 
reactions were given arbitrary 


oxol. Catalase 


values from 1 to 5+, depending upon speed of reac 
tion and extent of bubbling. 

Most cultures were catalase positive at room 
temperature and pH 7; human, bovine, and avian 
varieties of M. tuberculosis, however, reacted very 
slowly under these conditions, and on occasion it 
wus impossible to detect any evolution of bubbles 
Altering the pH from 1 to 10 


did not seem to produce either a consistent or a 


from these strains 


reliable change in the catalase activity of the vari 
ous groups. By elevating the temperature of the 
culture suspension to 68°C., human, bovine, and 
avian varieties of MW. tuberculosis, regardless of 
virulence, lost their catalase activity; 
phytes and Groups I, II, and IV of the anonymous 
strains retained their this 


temperature, and Group III strains exhibited vari 


most sapro 


catalase activity at 


able results under these conditions tesults were 


tabulated for comparison. 
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Although this test in itself cannot be used for 
typing purposes, its use in conjunction with other 
cytochemical tests might prove useful in identi- 
fying or grouping the acid-fast bacilli. Further 
studies along this line are under way. 


1 New, Rapid Concentration and Differential 
Culture Tec hnique for the Mycobacteria 


and Nocardia Organisms 


James B. Gray, Jamaica Plain, Mass., 
Reinisu, Westfield, Mass., 
and SaANrorp CHoposn, 
Boston, Mass. 
A rapid, five-day method for the concentration 
and differential culture of acid-fast organisms has 
The 


muco-polysaccharide 


been developed. concentration technique 


utilizes a new digesting 
agent. During this process of digestion, the acid- 
fast organisms selectively adhere to a specifically 
coated cover slip while in a roller drum. After five 
hours, the cover slip is placed in Dubos liquid 
serum medium for five days. The cover slip is then 
stained and mounted. The acid-fast microcolonies 
are then examined. The virulent, avirulent, ard 
nocardia types can be identified by their dis- 
tinective growth characteristics. 

The results of a trial of this method have been 


compared with the routine culture method. 


Preliminary Studies on the Identification of 
Atypical Nocardia Species through 
Application of Bacteriophage 


PLUNKETT, 


and A. 
Calif. 


HELEN J. SHADOMY 


Los Angeles, 


In view of the increasing appearance of “‘atypi- 
sembling clinical 
made to develop a system of bacteriophage typing 


acid-fast bacilli in pulmonary infections re- 


tuberculosis, an attempt was 
which would permit the discrimination between 
true mycobacteria and true nocardia species. 

standard enrichment 


Using modifications of 


techniques, pools of selected atypical nocardia 
species were prepared and enriched with broth and 
fertile garden soil. Following a preliminary incu- 
bation period, the pools were filtered and assayed 
for bacteriophage activity. 

Of the bacteriophages or nocardiophages iso- 
lated by this method, 16 were selected for further 
study. These 16 nocardiophages were found to 
exhibit definite patterns of activity when tested 
on 176 strains of true nocardia species and no ae- 
tivity against 45 strains of mycobacteria and 60 
strains of streptomyces. The nocardiophages were 
further found to be absolutely specifie for only 
nocardia ‘and could be associated with one or more 
species. However, numerous 


typical nocardia 
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instances were noted in which the sensitivity of 


the strains did not agree with their speciation. 


The Intracutaneous Inoculation of Guinea Pigs as 
a Means of Determining the Virulence of Drug- 


esistant and Anonymous (Atypical) Acid 


fast Bacilli: Preliminary Report 


P. Kupica, R. Epwarp Beam, ANNIE L. 
Vestan, and Gieason Poort, Chamblee, Ga. 


With the increased isolation of drug-resistant 


and anonymous acid-fast bacilli, the value of the 


guinea pig test for virulence determination of 


acid-fast bacilli has markedly decreased, as so 
many of the above mentioned microorganisms 
show little or no virulence for guinea pigs. Sub 
cutaneous, intraperitoneal, and even intracardial 
inoculation of large doses of these bacterial sus- 
pensions into guinea pigs elicits very little micro 
scopic evidence of tuberculous involvement. There 
is, therefore, a need for a reliable virulence test 
for the troublesome groups of drug-resistant and 
anonymous acid-fast bacilli. 

It was thought that perhaps the intracutaneous 
inoculation of guinea pigs, a technique that proved 
useful in distinguishing saprophytic from virulent 
mycobacteria, might provide a rapid, reliable 
means of determining the virulence of these ques 
tionable cultures. Accordingly, culture suspen 
sions of one or two representatives of the various 
groups of acid-fast baciili were prepared in graded 
doses and inoculated intracutaneously into guinea 
Representatives were obtained from the 


VW. tube 


var. bovis, var. avium, several saprophytic myco 


pigs. 


following groups: reulosis var. hominis, 


bacteria, various anonymous acid-fast bacilli, and 
The final 
intracutane 


several drug-resistant mycobacteria. 


concentrations of cells inoculated 
ously into the animals were 0.1 mg., 0.01 mg., and 
0.001 mg. The pathology observed ran the gamut 
from no visible lesions to an open, draining sinus. 
Preliminary success with this route of inoculation 
led to the inoculation into guinea pigs of suspen 
sions prepared from a total of 41 stock or pedigreed 
strains 

\s expected, all the human, bovine, and avian 
varieties of WM. tuberculosis produced open, drain 
ing lesions. Two of three of the nocardia cultures 
caused open, draining lesions. Only one of six 
saprophytic strains caused any visible pathologic 
change; this one “saprophyte”’ is being studied 
further to see if perhaps it may be improperly 
named. In order of virulence for man, the anony 
acid-fast bacilli are generally 


Groups I, III, IV, II, 


chromes) often classed as saprophytic, or at least 


mous listed as 


with the Group II (seoto- 


of relatively low virulence for man. Following 
intracutaneous inoculation of guinea pigs, all the 
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the 
produce open, draining abscesses. 


strains, scotochromes, 

Most of the 
drug-resistant strains caused open lesions in the 
guinea pig. 


From all 


anonymous except 


the intracu- 


taneous route of inoculation appeared to provide 


outward appearances, 
a better correlation with cultural virulence for 
man than did the usual subcutaneous and intra- 
this 
study, the intracutaneous route of inoculation was 


peritoneal routes. Following preliminary 
included as a routine animal test for all reference 
cultures submitted to this laboratory. Although 
it is realized that these present conclusions are 
based on relatively meager data as far as numbers 
are concerned, the results are very promising. 
Further 
these preliminary data. 


studies are under way to corroborate 


A Comparative Study of M. Avium and 
the Batley Type of Anonymous 
Acid-fast Bacillus 


Seymour Froman, Lots ScamMon, Emit BoGen, 
and J. P. Buiack, Olive View, Calif. 


The Battey type of anonymous acid-fast bacil- 
lus produces disease in man indistinguishable 
from true pulmonary tuberculosis. A comparative 
study was therefore made of the Battey type and 
VW. avium, which it closely resembles, in regard to 
(1) cultural, biochemical, and antigenic relation 
ships, (2) virulence for the fowl, and (3) phage 
susceptibility, in order to determine the existence 
A total of six 
strains of MW. avium and nine strains of the Battey 


of any differential characteristics. 


type were employed in these studies. 

No clearly distinguishing characteristics were 
noted except that a small inoculum (0.01 mg.) of 
virulent W. avium uniformly produced progressive 
disease in the fowl, whereas a similar inoculum of 
the Battey type failed to produce any macroscopic 
evidence of disease. It was also noted that large 
inocula (approximately 5 mg.) of four of the nine 
Battey types examined produced lesions in the 
fowl compatible with that produced by M. avium. 

Only two of the Battey strains were phage sus- 
indicating a distinct difference among 
strains of a group that otherwise appears homoge 
None of the phage 
susceptible. 

On the basis of the data collected, it appears 


ceptible, 


neous. avian strains was 


that the Battey type represents a variant of VW. 


avium. 


Observations on Nonculturable Acid-fast Bacilli 


in Resected Pulmonary Lesions 
LAWRENCE G. Wayne, San Fernando, Calif. 


The significance of acid-fast bacilli, which are 


seen in a considerable proportion of resected 


? 
== 
| 
) 
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human pulmonary lesions but which cannot be 
cultured, has not vet been clearly established. 
This report presents (1) the results of attempted 
revival of such tubercle bacilli, (2) observations 
on the persistence of these bodies on prolonged 
anaerobic incubation in original tissue homogen- 
ates, and (3) observations on the autolytie proc- 
esses of tubercle bacilli. 

Attempts at revival of “nonviable”’ tubercle ba 
cilli included the following: techniques for wash- 
out or adsorption of toxic substances in tissue 
homogenates; enriched culture methods; modifi 
cations of gaseous environment; prolonged incu 
bation; animal inoculations by special routes and 
treatments. Of fifteen special techniques investi 
gated, none could be demonstrated to result in re- 
vival of the nonviable organisms 

Aliquots of tissue homogenates with high counts 
of acid-fast organisms were also incubated under 
sterile mineral oil for periods of up to two years. 
Such treatment resulted in rapid disappearance of 
most of the acid-fast bodies in a given specimen. 
This was followed by a stabilization of the num- 
bers of these bodies, which then persisted for two 
years or more. In in vitro culture studies, autoly 


defi 


ciencies or by drugs, appeared to be an adaptive 


sis of tubercle bacilli, induced by nutrient 


process, and old cultures of low reproductive ac- 
tivity showed a reduced ability to adapt to autol- 
ysis 

It Is concluded that disappearance of acid fast 
bacilli from tuberculous lesions is partially a fune 
tion of autolysis and partially of dynamic host ae- 
tion on these bodies. In a situation in which host 
mechanisms fail to eliminate the nonviable ba 
cilli, the autolytic mechanism often fails to dispose 
and visible but nonviable 


of all bacillary bodies 


acid-fast bacilli may persist for long periods. 
Nonacid fast ol Chromophobi« Vie roorganisms in 
the Tuberculous Lesions of the Human Lung 


WaLenty Nyka, Baltimore, Md 


Sixty-one human lungs, 58 of them surgically re 
moved and three of them from autopsy cases, have 
been examined by means of a newly devised histo 
logic technique. Of this number, 37 showed only 
cavitary lesions, and in 24 there were cavitary le 
In all 


which 


sions in association with caseous nodules. 


these lesions, organisms have been found 
appear in the form of individual granules, cocco 
bacilli, or granular rods of varving length, occur 
They 


tered irregularly throughout the caseous material. 


ring either singly or in clusters. were seat 
and in cavities they were frequently mixed with 
acid-fast bacilli or located inside the leukocytes 
lining their walls. It is worth emphasizing that 


they were present in the nodular lesions of spu- 
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tum-negative patients in which no acid-fast ba- 
cilli have been found, and that they were particu- 
larly numerous in softening caseum. These organ- 
isms do not stain with carbolfuchsin and show an 
exceedingly low affinity for other aniline stains, 
for which reason they have been called ‘‘chromo- 
phobic organisms.’’ Of particular interest are the 
chromophobie organisms mixed with acid-fast 
bacilli because in such instances bacteria can be 
seen that are morphologically completely differ 
ent from the acid-fast bacilli but are weakly acid 
fast, a finding which suggests that such cells may 
be in a state of transition between the acid-fast 
and nonacid-fast forms of the tubercle bacillus. 

It is worth mentioning that chromophobic or- 
ganisms, similar to those described in human 
lungs, have also been found in the organs of guinea 
pigs infected with human tubercle bacilli by the 
air-borne route and that recently they have been 
produced tn vitro. 

It is believed that the research so far conducted 
warrants the following conclusions: 

1. By means of a special histologic technique, 
the presence of granular bodies can be demon- 
strated in the caseous lesions of the lung that are 
not revealed by the standard staining techniques. 

2. There is histologic and experimental evidence 

to suggest that these organisms represent a vari- 
ant form of acid-fast tubercle bacilli. 
3. The great numbers of these organisms in the 
necrotic lesions of pulmonary tuberculosis sug- 
gest that they play an important role in the pa- 
thology of the disease. 

t. The relationship among the chromophobic 
organisms, the Much granules, and the granular 
forms of tubercle bacilli described by other au 
thors remains at the present time an open ques 


tion that needs further investigation. 


2C Tuberculosis Epidemiology 


Finding Tuberculosis through Family Contact 
Investigation at a Children’s 


Tuberculosis Clinic 


KATHERINE H. K. Hsu, Houston, Texas 


Since the opening of the Houston Children’s 
Tuberculosis Clinie in 1954, contact examination 
has been carried out on a limited seale. In July, 
1957, 
tional, state, and local tuberculosis associations, a 

Contact 
established at 


with research grants obtained from the na- 
Family Investigation Service was for- 
mally this clinie to coordinate a 


community-wide contact examination — project 
through the cooperation of the existing facilities 
in Houston and Harris County. 


The 


from other case-finding projects in that thorough 


scheme of contact investigation differs 


and repeated examinations are given to find in 
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fected children, and young infected children are 
taken of tubercu 


losis in the community. Complete contact investi 


as a clue to locate the ‘‘nests’’ 
gation is carried out only on children having a 
diagnosis of active primary tuberculosis. The im- 
mediate family as well as the associating families 
are examined for tuberculosis. 

In the year 1957-1958, 825 child contacts of 129 
children were investigated. Among the 825 con 
158 children were found to have active pri 
20 had cultures positive for 


tacts, 
mary tuberculosis, 
V. tuberculosis, 66 showed X-ray evidence of tu- 
berculosis, and 32 converted their tuberculin re 


actions within one to five months; 31 were under 


None of these children had 
health that 
parents to seek 
Without 


gation, practically all of these cases would have 


36 months of age. 


sign of ill would have 
their 


aminations for them 


shown any 
prompted medical ex 
contact investi 
leew ntissed. 

Intensifying contact investigation and giving 
proper attention to childhood tuberculosis will 
greatly enhance tuberculosis control in the United 
States today. We have demonstrated that this can 
be carried out successfully with an organized ef- 
fort of the local health agencies and proper edu 
cation of the patients’ families. Last year we were 
able to obtain reports on the examinations of 92 per 
cent of the 757 household contacts and 67 per cent 
of the 1,053 nonhousehold contacts. 

The annual operating expenses for the Family 
Houston 


Contact Investigation Service at the 


Children’s Tuberculosis Clinic amounted to $8,650. 


Screening Procedures for Pulmonary Disease in 


Pregnant Patients: A Preliminary Report 


DorotTHea D. Giass, Fruma W. GINSBURGH, 
KATHARINE R. Boucotr, BERNARD Broap, 
Marie Capirranio, and Lenora Gray, 
Philadelphia, Pa. 


Routine photofluorograms have been part of the 
prenatal program at Woman’s College Hospital 
since 1944. Because of the publicity about radia- 
tion hazards, the Department of Preventive 
Medicine, early in 1957, suggested a change to tu- 
berculin testing, with X-rays limited to reactors. 
However, the Department of Obstetrics was un- 
willing to adopt this policy because significant 
nontuberculous pulmonary disease had heen dis 
covered by X-ray that might have been overicoked 
if routine chest photofluorograms had been aban 
doned in nonreactors. 

Over the six-month period from June 1 to De 
cember 31, 1957, arrangements were made to do 
both tuberculin tests and photofluorograms rou- 
tinel 
College Hospital. Of 308 women, one failed to re- 


on prenatal clinie patients at Woman's 
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port for her miniature chest film and three failed 
to report for skin-testing. Of the first 150 women 
tested with first-strength PPD, 49 per cent failed 
to return for the skin test reading. When this situ- 
ation was recognized, a special effort was made to 
get the women to report back. Some tests had to be 
given two or three times. Finally, 13 per cent of 
the 308 women tested failed to complete their 
tests. 

No significant photofluorographic lesion was 
found among tuberculin reactors or nonreactors, 
although 20 per cent had reacted to first-strength 
PPD and 13 per cent to both first and intermedi- 
ate strengths. This finding was attributed to the 
fact that, since the hospital's fiscal policy called 
for a payment of $90, these women were at a rela- 
tively high socio-economic level for clinic patients. 

Therefore, the study was extended to include 
630 obstetrical patients hospitalized at a large city 
hospital, Philadelphia General Hospital, Blockley 
Division. These women were tested on admission, 
most often immediately post partum, over a six 
week period between June 16 and September 1, 
1958. Since this group of Blockley patients is ecom- 
posed largely of women on public assistance, it 
was thought that their lower socio-economic level 
would be associated with a higher percentage of 
tuberculin reactors and some clinical tuberculosis. 
The age and race composition of the two hospital 
populations was similar; 90 per cent were Negroes 
between 15 and 35 years of age. Interestingly 
enough, of the 432 women whose tests were read, 23 
per cent reacted to first-strength PPD at Phila- 
delphia General Hospital. Thirty-one per cent 
were discharged before the test could be read. The 
average stay is only two to three days, despite the 
hospital policy of a five-day stay for post-partum 
hospitalization. 

Nineteen per cent of the 630 Blockley patients 
had never had chest X-rays taken; only one of the 
308 patients at Woman's College Hospital had 
never had an X-ray taken. At Woman’s College 
Hospital two asymptomatic nonreactors to tu- 
berculin had significant previously unsuspected 
nontuberculous pulmonary disease. One had sar- 
coidosis, the other a congenital heart lesion. No 
previously unsuspected active tuberculosis was 
found. 

experience at both the small teaching hospital 
and the large city hospital revealed that the theo 
retical advantages of tuberculin testing may be 
outweighed by the administrative difficulties. Be- 
fore relinquishing the gains available through rou- 
tine chest X-rays of pregnant patients, due con 
sideration should be given to the probability that, 
if routine procedures are used, the return rate for 
reading tuberculin tests may be as low as 50 per 
cent and that significant previously unsuspected 
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nontuberculous disease may be missed if only re 


actors receive chest X-rays. 


Environmental versus Constitutional Factors in the 


Development of Tuberculosis among Negroes 


Katz and Sotomon KuNorsky, 
Albany, N. Y. 


Identical environments are provided for white 
and Negro patients in the hospitals of the New 
York State Department of Mental Hygiene. Pa 
tients in these hospitals are fed, housed, and cared 
for without regard to race, so that differences in 
environment are practically nonexistent, and 
differences in tuberculosis morbidity and mor- 
tality may be ascribed to constitutional factors. 
Under such conditions, a close similarity in tuber 
culosis morbidity and mortality may be inter- 
preted as evidence of the importance of noncon- 
stitutional factors. 

The results of the study may be summarized as 
follows: 

1. Between 1942 and 1954 the incidence of tuber- 
culosis among Negro patients in mental hospitals 
exceeded the rate among whites by about 50 per 
In New York City during the same 
using case rates as approximations of in- 


cent at most 
period 
cidence rates, the rate of development of tubercu- 
losis was about four times as high among Negroes 
as among whites. During these vears, the incidence 
rate in mental hospitals decreased at least as 
rapidly among Negro patients as among white, so 
that by the end of this period the age-adjusted 
rate among Negroes was only 8 per cent higher 
than among whites 

2. Even before the development of antimi 
crobial therapy. not only was the differential be 
tween the Negro and white rates reduced by sim 
ilar environmental conditions, but the Negroes’ 
survival was about equal to the whites’. 
3. Antimicrobial therapy is as effective among 
Negro patients as if is among white patients 

In conclusion, under similar conditions of en 
vironment, the the 


Negro is similar to that of the white, and racial 


response to tuberculosis of 


factors probably play a minor role in producing 


differences in tuberculosis morbidity and mor 


tality in the two races 


culosis Control in Northern Labrador 


Pappon, North West 
Labrador, Canada 


Tube 


W. A. River, 


The probable origins of tuberculosis in Labra 
dor Eskimos and Indians suggest that there is no 
special susceptibility or particular difficulty in 
treating these natives. The role of epidemics in 
propagating tuberculosis is described. 

Death rates fell from 300 to 20 per 100,000 in 
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12 vears and case incidence in surveys fell from 25 
to 4 per cent. 

Methods that won unqualified cooperation from 
a reluctant population are described. Portable 
X-ray equipment on a hospital ship was used, and 
follow-up work was done by winter dog teams un 
til air transport became available. Hospitaliza 
tion, drugs, surgery, and programs of rehabilita 
tion and education were major tools of control 
BCG was tried and found wanting. 

Modern aircraft, radio communication, an ex 
cellent nursing staff and hospital facilities, and 
mission schools for health education as well as 
general education enabled the Grenfell Mission 
to pursue this program with government support. 


Legal Custody of Recalcitrant Tuberculous 
Patients: Report on a Hospital Program 


Rosert H. and Irvine 
Columbus, Ohio 


The use of legal processes to hospitalize recalei 
trant tuberculous patients is increasing in the 
United States. Because only a few reports have 
appeared in the medical literature, it appears 
worth while to discuss the philosophy, techniques, 
and results of 18 months of experience in the oper- 
ation of a security division in a state tuberculosis 
hospital. 

Comments will be made regarding some legal 
‘are, with com- 
parison of the two major methods used to hos 


aspects of recalcitrant patient 


pitalize these patients, namely, health depart 
ment order and probate court commitment. 

It is proposed to outline staffing policies and 
patient regimen and regulations in the context of 
results obtained. The origin of the patients 
whether from rural or city homes—will be pre 
sented. Psychiatrie findings will be classified and 
a study made of the personality types involved in 
this group of tuberculous recalcitrants. Results 
of therapy and the use of surgery will be correlated 
with type and extent of disease present. 
3A Nontuberculous Pulmonary Disease 
The Treatment of Eight Cases of Deep Mycotic In 

fection with Amphotericin B with Particular 

Emphasis on Drug Toxicity 
W. Bearp, H. Ricuerr, and 
Ricuarp R. Taytor, Denver, Colo. 


Six cases of chronic pulmonary coccidioidom) 
cosis, one case of disseminated blastomycosis, and 
one case of chronic pulmonary histoplasmosis 
have been treated intravenously with amphoteri 
cin B at Hospital. Definite 
clinical improvement was attained in five of the 


Fitzsimons Army 


cases of chronic pulmonary coccidioidomycosis 


and in the case of disseminated blastomycosis. 
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A detailed analysis of the toxic effects of ampho- 
tericin B was made. Albuminuria and cylindruria 
were frequently noted. A significant elevation of 
blood urea nitrogen occurred during each course 
of therapy. There was a corresponding inability 
to concentrate urine, excrete phenolsulfonphthal- 
ein dye, and clear blood urea and creatinine. All 
urinary abnormalities cleared following therapy. 

Measurements of serum concentrations of am- 
photericin B indicate that therapeutic levels are 
maintained Am 
photericin B was not detected in the serum after 


between periods of infusion. 
oral or intramuscular administration. At present, 


intravenous administration is the favored route. 


Aspergillosis 


Sypney M. Drake WILL, and 
Joun F. Murray, Los Angeles, Calif. 


Clinieal, laboratory, and pathologic data are 
available from 12 cases of aspergillosis observed in 
our institutions during the past five years. Au 
topsies were performed on ten patients; the other 
two patients are still living. The presence in our 
series of several varieties of this disease and a 
survey of the literature have enabled us to de- 
rive the following classification. 
the absence of 
underlying disease or other predisposing factors. 


I. Primary aspergillosis—in 


A. Loealized (abscesses or granulomata—in- 


cluding allergic—bronchitis with 
asthma and/or eosinophilia) 
B. Invasive (acute—usually 


monic; chronic grenulcmatous disease 


mycetoma ; 


bronchopneu- 
usually 
pulmonary ) 

C. Disseminated—widespread abscesses or 
granulomata 

II. Secondary aspergillosis—associated with a 
local process, debilitating illness, impaired host 
defenses, or complicating antibacterial and/or 
steroid hormone therapy 
usually pulmonary 


A. Loealized (sapro- 


phytie relationship—abscess or mycetoma, focal 


infiltration; chronic, low-grade infection or 
granuloma) 
B. Invasive 


C. Disseminated (endocarditis; multiple ab- 


usually bronchopneumonic 
scesses or granulomata in the absence of en- 
docarditis) 

There was one case of primary aspergillosis; 
the others represented the three categories of the 
secondary variety. All patients with secondary 
had underlying dis 


received 


debilitating 
antimicrobial 


aspergillosis 


ease and had therapy, 
usually multiple drugs for a prolonged period. Six 


had 


steroids or corticotropin, and three were severely 


of these patients received adrenocortical 


leukopenic. Three patients had associated candida 
infections. 
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Prophylaxis through judicious use of antimicro- 
bial and steroid therapy is the most effective 
means of combating the increasing incidence of 
aspergillosis. Although usually ineffective, medi- 
cal therapy has a greater chance of success in in- 
vasive and progressive forms of the disease when 
diagnosed early. Localized abscesses and granu- 
lomata are amenable to surgical resection. 

In conelusion, a classification of aspergillosis 
is presented. Most cases are of the secondary 
variety associated with debilitating illnesses and 
prolonged antimicrobial or steroid therapy. 


Clinical and Physiological Results following Ra- 
dioactive Iodine (I'*') in the Treatment of 
Chronic Pulmonary Insufficiency 


Lows T. Evurson, Ropertr G. Evuison and 
F. Hamittron, Augusta, Ga. 


Twenty-three patients with severe pulmonary 
insufficiency, all badly disabled in spite of inten- 
sive and long-term therapy with conventional 
measures, were followed for two and a half to 
three and a half vears after treatment with radio- 
active iodine (I'*!), Complete clinical evaluation 
and pulmonary function studies were carried out 
before treatment and at two-month intervals 
thereafter. 

The average total quantity of I'*' per patient 
was 40.1 me. with a range of 17.5 to 75.0 me. An 
average of 1.9 doses was administered, with a 
range of 1 to 4 doses. Although hypometabolism 
was never a real problem and was usually easily 
controlled with 15 mg. or less of desiccated thyroid 
daily, 11 patients required thyroid therapy. One 
patient developed mild thyroiditis two weeks 
following treatment. 

Clinical improvement was judged as excellent 
in seven patients (30 per cent), good in two (9 per 
cent), fair in six (26 per cent), and poor in eight 
(35 per cent). 

Results of pulmonary function studies before 
and after treatment were prepared. No significant 
improvement in lung volumes or in the mechanics 
of breathing occurred. However, in the majority 
of patients, oxygen uptake and I'*' uptake were 
reduced, total and alveolar ventilation decreased, 
alveolar and arterial oxvgen tension increased, 
and carbon dioxide tension decreased. Compari- 
son of certain significant physiologic responses 
with clinical improvement reveals that, although 
the same laboratory results were obtained in most 
of the patients, these did not always correlate 
with clinical improvement. 

It is that 
bring about symptomatic relief to the patient with 


concluded radioactive iodine may 


severe pulmonary insufficiency who is refractory 


to the usual forms of therapy. 


=a 
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The Use of Intermittent Positive Pressure Breath 
ing to Prevent Carbon Dioxide Retention 
Induced by Oxygen in Pulmonary 
Emphysema 
Ricnarp T. Carucartr and WILLIAM FRaimow, 
Philadelphia, Pa. 

The administration of 100 per cent oxygen to pa 
tients with severe pulmonary emphysema often 
results in retention of carbon dioxide because of 
the attendant decrease in ventilation, and may 
cause a severe respiratory acidosis, narcosis, or 
even death. It is nonetheless frequently necessary 
to treat these subjects with oxygen in order to 
combat the severe hypoxia that may be present. 
This study was designed to determine whether the 
administration of 100 per cent oxygen by inter 
mittent positive pressure breathing (IPPB), with 
its mechanical hyperventilation, could success 
fully prevent further carbon dioxide retention and 
correct the hypercapnea already present. 

\ group of 35 anthracosilicotics was studied 
These patients had moderate to markedly severe 
obstructive emphysema as evidenced by maximum 
breathing capacity, vital capacity, and residual 
volume. Ventilation was measured and arterial 
blood sampled while the patient breathed ambient 
air, 100 per cent oxygen, and finally 100 per cent 
oxygen administered by IPPB. The arterial blood 
was analyzed foroxygen saturation, carbon dioxide 
content, and pH. The arterial partial pressure of 
carbon dioxide (pCO.) and alveolar ventilation 
were calculated. 

One hundred per cent oxygen breathing re 
sulted in some degree of carbon dioxide retention 
in 32 of the 35 patients studied. The degree of re 
tention was related to the severity of the emphy 


sema. The significant increases in pCO. were 
associated with a decrease in ventilation. When 
100 per cent oxygen was administered by IPPB, 
there was a reduction of the pCO. below control 
values in 32 eases. In every patient the me 
chanical hyperventilation successfully corrected 
the hypereapnea induced by the 100 per cent 


oxvgen alone 


The results indicate that 100 per cent oxygen 
ean be used safely in the treatment of severe pul 
monary emphysema provided that adequate hy- 
perventilation with IPPB can be established. In 
addition 
and the response to IPPB have been correlated 


the degree of carbon dioxide retention 


with the severity of the emphysema. This tabula 


tion permits an effective prediction of the indi 


vidual patient's response to therapy. 


The Effect of Helium and Oxygen Mixtures on 


Pulmonary Resistance in Emphysema 


Joun M Kuinu CHANNIN, and 


Grapk, Boston, Mass. 


TYLer, 


The clinical hypothesis that helium and oxygen 
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mixtures are of benefit in obstructive disease of 
the lungs has been held for a number of years 
Investigation of their efficacy, however, has been 
limited. Using standard methods for determining 
compliance of the lungs and resistance to air flow, 
we have evaluated the changes produced by the 
mixture of 80 per cent helium and 20 per cent oxy 
gen in severe emphysema. Neither the dynamic 
compliance nor the functional residual capacity 
was altered. Inspiratory, expiratory, and total 
pulmonary resistances were reduced by about 30 
per cent of the resting values when the subjects: 
breathed helium at normal respiratory rates. At 
the 
magnitude were produced except that there was 


rapid respiratory rates, decreases of same 
no change in expiratory resistance. 

It is believed that this decline in resistance is 
significant in the short-term treatment of severe 


emphysema. 


Disturbances of Pulmonary Function in Fifty 


Patients with Bronchiectasis 


NEIL S 
A. SAXTON, JR. 


Harry F. 


CHERNIACK, KENNETH L. VostTi 
Mark H. Leprer, and 


Dow Line, Chicago, Il. 


Thirty-two men and 18 women with evidence of 


bronchiectasis on bronchography were studied 
They were from 16 to 75 vears of age, with a mean 
of 48 vears. In 82 per cent of the patients, the bron 
chiectasis was bilateral. In 40 per cent, emphysema 
was demonstrated by X-ray exami 


nation. Sixty per cent had had a cough for 10 or 


clinical or 


more vears. Fifty-four per cent had a daily sputum 
volume exceeding 100 ml. Satisfactory tests of 


ventilatory factors were completed in all 50 
patients, but diffusion and venous admixture data 
were adequate in only 35 of the patients studied 
At least one test was abnormal in every patient 

The most striking finding was that of increased 
dead space. In 89 per cent of the cases the physio 
logic dead space exceeded normal, with a mean 
percentage of dead space to tidal volume of 49 per 
cent. This finding seems only logical, in view of the 
dilatations of the bronchi found in the broncho 
grams. The second most common abnormality was 
that of the 


arterial circulation, occurring in 82 per cent of the 


increased venous blood reaching 
cases. The mean venous admixture was 17 per cent, 
or approximately three times normal. This proba 
bly resulted from continuing blood flow through 
poorly ventilated alveoli. In 63 per cent of the 
patients the vital capacity and in 78 per cent the 
than 80 


per cent of normal. Mean vital capacity was 70 per 


maximum breathing capacity were less 


eent of normal and mean maximum breathing 
capacity was 55 per cent of normal. 

These data that in 
increased resistance to air flow 


than 


indicate almost all cases 


reduced dynamic 


ventilation more restriction of the lung 
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expansion or the loss of pulmonary parenchyma 
did. Furthermore, the maximum 
breathing capacity correlated better with the 
the patients 


reduction of 


degree of dyspnea experienced by 
than any other parameter measured. The distri- 
bution of inspired gas was nonuniform, as judged 
by nitrogen washout in 54 per cent of the patients. 
This disturbance was usually mild. The diffusing 
eapacity of the lungs was below normal (9 ml. 
oxygen per minute per mm. Hg. per M.) in 34 per 
the did 
increased venous admixture or dead space. 


cases and not correlate with 


cent of 


Goiter and V yre dema due to Iodide The rapy 


BENJAMIN BuRRows, ALBERT H. NIDEN, and 
Wituram R. Barc tay, Chicago, Ill. 


Despite several reports of thyroid enlargement 
and hypothyroidism resulting from the thera 
peutic use of inorganic iodine, this syndrome is not 


widely recognized. Four such cases have been 


observed by the authors during the past vear. One 


patient received iodides for chronic bronchial 


asthma, the others for chronie obstructive emphy- 
sema. All developed frank clinical myxedema. In 
three, thyroid function returned promptly to 
normal after discontinuing iodide therapy. The 
fourth was treated successfully with thyroid 
extract. In one subject with severe emphysema, 
withdrawal of potassium iodide resulted in a rapid 


disappearance of myxedema and a concomitant 


deterioration in cardiopulmonary status, leading 
to his death. 
The described syndrome is apparently more 


common than generally thought. It must be recog 
nized to avoid an erroneous diagnosis of intrinsic 
thyroid disease and to prevent the possible dis- 
effects of 
therapy in severe pulmonary insufficiency states. 


astrous sudden withdrawal of iodide 


3B Tuberculosis Research 


Aerial Dissemination of Pulmonary Tuberculosis: 
A Two-year Study of Contagion in a 
T ube reulosis Ward 
L. Rivey, C. C. WaLenty 
Nyka, N. Wernsrock, Parrick B. Storey, L. 
V. Suuran, Mary C. Rivey, and W. F. 
We tts, Baltimore, Md.* 


the 
Hopkins 


During this cooperative study between 
Administration, The 
University School of Hygiene and Public Health, 
the Maryland 


patients with far advanced pulinonary tubercu 


Veterans Johns 


and Tuberculosis Association, 
losis occupied the six single rooms of an experi 
mental ward provided with a calibrated closed- 
circuit ventilating system and with a large animal 
exposure chamber located in the exhaust duct of 
this svstem. Approximately 156 guinea pigs were 
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1956 
contracted 


exposed continuously. Between November, 
and November, 1958, 71 animals 
tuberculosis. 

Evidence that these infections were air-borne 
from the patients on the ward includes the follow- 
ing: (1) the experimental design was such that the 
guinea pigs were not to our knowledge exposed to 
tuberculosis except by the aerial route; (2) since 
the characteristic lesion in the lungs of infected 
animals was a single tubercle, it seems unlikely 
that the pulmonary infection occurred by hema- 
togenous or lymphogenous spread from a source 
elsewhere in the body; (3) strong evidence against 
cross-infection between guinea pigs is supplied by 
the random distribution of infections in the 36 
different the 
matching of the cultural characteristics of tubercle 


cages; and (4) in 21 instances 
bacilli isolated from a guinea pig with those in the 
sputum of a patient occupying the ward at the 
time the guinea pig was infected provides pre- 
sumptive identification of the specific patient who 
infected a specific guinea pig. 

the the pigs 
breathed, and hence sampled, over a million cubie 
feet of 
tuberculosis were extracted by the guinea pigs 


Over two-year period guinea 


ward air. Since 71 quanta of air-borne 
from this huge volume of air, each quantum, on 
the average, was suspended in 15,000 to 20,000 
cubic feet of ward air. All six patients together 
contributed on the average only 15 to 20 quanta 
of infection per day to the air of the system, 
according to calculations based on knowledge of 
dilution factors in the air of the system. There was 
tremendous variability in the aerial infectivity of 
different patients as indicated by the number of 
guinea pigs they infected. Awareness of the quanti- 
tative relationships involved in aerial dissemi- 
nation of pulmonary tuberculosis should be helpful 
in devising control measures. 


Sites to Which Intranasally Instilled Tubercle 
Bacilli Are Conveyed 


E, Burke, Epira MANkiewicz, and 


James R. Stuart, Montreal, Canada 


Previous studies have shown that intrapleurally 
introduced particulate matter is conveyed, in 
part at least, to the parasternal and the para 
aortic lymph nodes. 

Tubercle bacilli in suspension were instilled into 
the nares of 24 guinea pigs, 12 of which had been 
vaccinated with BCG. Animals were sacrificed at 
intervals of one to eight days. The pleural wash 
ings, the parasternal and para-aortic lymph nodes, 


* This was a cooperative study by the Veterans 
Administration, The Johns Hopkins School of 
Hygiene and Public Health, and the Maryland 
Tuberculosis Association. 


LJ 
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a retrotracheal node, and samples of liver and 
spleen were examined for tuberele bacilli by means 
of injection into other guinea pigs. Samples of 
lung were cultured on Lowenstein medium. 
Three experiments have been carried out. These 
have shown that within 24 hours intranasally 
instilled tubercle bacilli are carried to (/) the 
2) the 


lungs and/or the retrotracheal nodes, 
pleural spaces and/or the parasternal and para 


aortic nodes, and (3) the liver and/or the spleen. 


Comparisons of 


Tuberculin Allergy in Mice 
Vouse Strains and Testing Techniques 


J. Crow.e, Denver, Colo. 


Several techniques for detecting delayed hyper 
sensitivity in mice have been reported. However, 
used in various laboratories on different mouse 
strains, they have not given consistent or agreeing 
results. The experiments reported in this paper 
were meant to evaluate some of these techniques 
under comparable conditions and to help answer 
various questions that have arisen concerning the 
alleged peculiarities of mouse tuberculin allergy. 

Mice of seven different readily available inbred 
strains were sensitized by two weekly sub- 
cutaneous injections of H37Ra tuberele bacilli in 
w/o emulsion and tested for delayed hypersensi 
tivity three weeks after the first vaccination by 
using six different methods 

tesults indicated that essentially there was no 
difference in sensitization frequency among 
C57BL, C57BR, C57L, DBA, Swiss Webster, or 
CF #1 mice. However, C3H mice reacted less 
often. Among reactors of six strains there also was 
little variation in reaction intensity, but Swiss 
Webster mice responded more strongly as esti 
mated by the objective intramuscular test. 

Footpad, intracutaneous, and intramuscular 
tests were judged the best tests for detecting 
delayed 
temperature, and systemic tests proved more suit- 
than 


However, the lung density and body 


hypersensitivity. Lung density, body 


able as supplementary rather primary 
methods. 
temperature tests have certain properties that 
should make them particularly useful in certain 
kinds of experiments 

results of 


tuberculin tests were detailed, and evidence was 


successful intracutaneous 
presented that they are truly indicators of delayed 


hy persensit ivity 


The Re lationship of Serum Levels oj a Lusozyme 
like Enzyme to Sensitization of Guinea 
Pigs with M. Tuberculosis 
SeRNARD W. Janickt and Roserr A. 
Patrnove, Washington, D. C 
A marked elevation in the concentration of a 
lysozyme-like enzyme in rabbit serum following 


immunization with heat-killed tubercle bacilli has 
been reported (Myrvik and Weiser, 1951). Also, 
plasma levels of a similar substance have been 
found to be significantly increased in tuberculous 
patients (Kerby and Chaudhuri, 1953). 

The results of our studies indicate that a similar 
situation prevails when guinea pigs are sensitized 
with heat-killed tubercle bacilli (H37Rv) sus 
pended in paraffin oil. In a preliminary experi- 
ment, levels of a lysozyme-like enzyme were 
determined, by a modification of a method previ 
ously described (Kerby, 1952), in sera of 12 normal 
guinea pigs and 12 guinea pigs injected four 
months previously with heat-killed tubercle bacilli 
(5 mg.) in paraffin oil. Concentrations of enzyme 
were found to be significantly elevated (P < 0.01) 
in the sera of sensitized animals. In a subsequent 
study, 36 guinea pigs were injected with heat- 
killed tubercle bacilli (5 mg.) in paraffin oil. Sera 
were obtained from groups of four sensitized 
animals just prior to injection and at various 
intervals thereafter. A significant increase (P < 
0.01) in serum enzyme activity appeared 10 days 
after sensitization and persisted throughout the 
study. Animals injected with paraffin oil alone 
exhibited no alteration in enzyme activity during 
a similar experimental period. 

It is interesting to note that the increased serum 
levels of a lvsozvme-like enzyme occurred at the 
time when skin sensitivity first became manifest 
and the ‘“‘plasma factor’’ responsible for in vitro 
tuberculin cytolysis was demonstrable (Janicki, 
1959). This observation and the fact that the 
leukocyte is generally considered to be a primary 
source of this enzyme (Tullis, 1953) make it tempt 
ing to believe that this increased activity is a 
reflection of some type of in vivo activity of 
tuberculoprotein on tuberculin-sensitive leuko- 
cytes. It has been suggested that a form of in vivo 
leukocytolysis may occur during the development 
of a skin reaction to tubereulin (Favour, 1951; 
Cole and Favour, 1955). However, no increase in 
enzyme levels was observed in sera from sensitized 
animals collected one, two, or three days following 
intradermal injection of 5 y of PPD. The mean 
diameter of the skin reactions (48 hours) in the 
sensitized guinea pigs was 13.7 mm. of induration 
and erythema. 

Additional studies are now in progress to eluci- 
date further the relationship of serum levels of a 
lysozyme-like enzyme to the hypersensitive state. 
The Effect of Fresh Human Serum on the Reac- 
V ycobacte riophage D-29 with 
Certain Mycobacteria 


lion of 

Artruur Wurre, Louisville, Ky., and Vernon 
Knicur, Nashville, Tenn. 

Fresh human serum at concentrations of 10 per 

cent and greater has been found to prevent propa 
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mycobacteriophage D-29 on both 
tubercle bacilli. Serum 


gation of 
virulent and avirulent 
concentrations as high as 80 per cent did not pre- 
vent propagation of phage D-29 when the sapro- 
phytic Mycobacterium, ATCC 607, was used as 
the propagating strain. Sera from either tubercu- 
lin-negative or tuberculin-positive subjects or 
from patients with active tuberculosis prevented 
propagation on tubercle bacilli at the same concen- 
trations. 

The effect of serum was greatly diminished by 
incubation with trypsin but was not altered by 
heating at 56°C. for one hour, by incubation with 
tuberele bacilli or bacteriophage, or by dialysis. 
The active principle was precipitated by one- 
third saturation of serum with ammonium sulfate 
(the gamma globulin fraction). 

The failure of serum to neutralize phage D-29 
and to prevent propagation of ATCC 607 indicates 
that the site of action is on the tubercle bacillus 
and not on the mycobacteriophage. Since it was 
found that adsorption of phage on tubercle bacilli 
was not prevented by serum, the tubercle bacillus 
was apparently altered in such a manner that 
propagation was prevented at a stage after ad- 


sorption had oceurred. 


Cytology of Phage-Host Interactions in 
Tuberculosis 

Suirn Suapomy, Seymour Froman, and M. 

Joun Prickett, Los Angeles, Calif. 
Changes in the intracellular structure and 
organization in M. tuberculosis, strain H37Rv, 
following infection with mycobacteriophage D-29, 
were studied by means of nuclear staining tech- 
niques and phase-contrast microscopy. 

\ progressive sequence of events involving 
definite changes in the chromatin structure was 
observed and = associated with lytie phage 
infection; the events were assumed to be concerned 
with the replication of new phage DNA and the 
formation of mature phage particles. There was 
first a dispersion of the normal chromatin material 
and a definite reorganization into several large 
chromatin masses. These masses were observed to 
increase in size and intensity of staining during 
the remainder of the latent period until they were 
superseded by lysed or ghost cells. 

The gross morphologic changes in the host cell 
following phage infection and lysis were recorded 
by phase-contrast microscopy. 


The Induction of the Lysogenic State in M. Tu- 


berculosis Strain H37R) 
Gregory J. JANN, Los 
Calif., and Seymour FrRoMAN, 


Olive View, Calif. 


Rerun L. 


Angeles, 


Atte npts to find a naturally occurring lysogenic 
tubercle bacillus have thus far proved futile. How 


ever, the lysogenic state was induced in M. 
tuberculosis strain H37Rv by exposing it to a 
filtrate of mycobacteriophage D-32. The phage- 
host mixture was plated on Bordet-Gengou agar. 
Colonies surviving lysis were repeatedly sub- 
cultured and exposed to antiphage serum. A 
number of such colonies were found to produce 
phage and were also resistant to the phage pro- 
duced. 

A comparison of the cultural and biochemical 
characteristics and guinea pig virulence of the 
lysogenic strain with the parent strain revealed 
them to be indistinguishable. 

An Enzymatic Basis for the Potentiation of 
Isoniazid by Para-aminosalicylic Acid 


Davip A. Levy, S. Spicer, 
R. Bacuur, and Samvuet P. Bessman, 
Baltimore, Md. 


Previous studies by Hughes have shown that 
the major metabolic product of isoniazid in man 
is the acetyl derivative, 1-isonicotinyl-2-acetyl 
hydrazine. Johnson found that isoniazid is acety- 
lated in the presence of pigeon liver extract and 
that para-aminosalicylate inhibits this acety- 
lation. The inhibition was thought to be of the 
competing substrate type. Concurrent adminis- 
tration of PAS with isoniazid to humans by several 
groups of investigators resulted in elevation of 
serum concentration of the non-acetylated isoni- 
azid. 

Bessman and Lipmann have shown that pigeon 
liver extract catalyzed a low-energy acetyl trans- 
fer between various aromatic amines. In addition 
to the aromatic amines, hydrazine was shown to 
participate in this reaction. It was concluded that 
an acetvlenzyme compound is formed as an inter- 
mediate step in the transfer: 


acetvl-arylamine + enzyme = acetyl 
enzyme + arylamine 


We have been able to demonstrate an acetyl 
transfer bet ween isoniazid and PAS in the presence 


of pigeon liver extract: 


enzyme 
acetyl-isoniazid + PAS = acetyl 
PAS + isoniazid 


The formation of the various intermediates has 
been confirmed by several techniques, and quanti 
tative observations will be reported. 

It is suggested that PAS causes elevation of 
serum isoniazid level and decreases in level of 
acetyl-isoniazid by accepting acetyl from acety 


lated isoniazid. 
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The In fle nee of Tsoniazid and Tsoniazone 
Calcium Pyruvate on the Vitamin B, 
Vetabolism of Rats 


Patrick B. Srorey, and 
Baltimore, Md. 


Jenc M. Hsv, 
BACON F. 


Japanese workers have reported their labora 
tory and clinical experience with a new analogue 
of isoniazid, Vivo-Niplen (VN), or 
calcium pyruvate. lio ef al., at Osaka University 
have shown that the VN to 
humans results in considerably less excretion of 


isoniazone 
administration of 


pyridoxine than equivalent doses of isoniazid do. 
It is their opinion that higher effective therapeutic 
doses of isoniazid can be accomplished by the use 
of VN and this without 
the 
pyridoxine 

In this study, 
body 


with less neurotoxicity, 


necessity for concomitant administration of 


B,-deficient male rats, 


150 


vitamin 
with average weight of gm., were 
obtained by feeding a casein-sucrose diet supple 
mented with all known nutrients except Bs. The 
rats were divided into the following groups: (/) 
controls on the B,y-deficient diet alone, (2) those 
on the Beg-deficient diet plus supplemental Bg, 
3) those on the diet plus isoniazid, (4) those on 
the diet plus VN, and (5) those on the diet plus 
supplemental By and isoniazid. 

The effects of By deficiency alone, of By, de 
ficiency plus isoniazid, and of Bg deficiency plus 
VN on the general appearance of the animals, 
average weight gain following pair feeding, onset 
of convulsions, and exhibition of acrodynia were 
noted. 

The urinary excretion of Bg at the end of each 
seven days for three weeks was determined ac 
cording to the microbiologic method of Stokes 
et al. (J. Biol. Chem., 150: 17, 1943). The X-ray 
mutant of the fungus neurospora sitophila (299) 
wis used as the test organism. 

At the end of the three-week period all rats were 
content was 


sacrificed, and determination of B, 


done on the tissues, including blood, liver, kidney, 
and brain. 

The results so far obtained indicate that there 
the 


is a striking difference between isoniazid 
treated the VN-treated 


ceiving isoniazid showing a far greater urinary 


and animals, those re 


excretion of Bs than those receiving VN. The 


results of the organ assays for By are not yet 
available. It is hoped that these findings will throw 
some light on the role of isoniazid in producing or 
aggravating a vitamin B,-deficiency state and at 
the same time vield useful information about the 


influence of Vivo-Niplen. 
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4A Respiratory Disease Research 


Subjective and Objective Methods in the 


Diagnosis of Chronic Bronchitis 
CuarLes M. Fiercuer, London, England 


\ clear conception of what is to be diagnosed is 
a necessary preliminary to diagnosis. In the ease 
of chronic bronchitis this is no more than chronic 
bronchial inflammation of nonspecific etiology 
This is a pathologie concept but, since it is difficult 
to obtain material for pathologic examination in 
life, one is forced to base diagnosis on the function 
consequences of the disease. The primary conse- 
quence is bronchial hypersecretion. Obstruction to 
bronchial airflow, causing dyspnea and a liability 
to recurrent bronchial infections, may be regarded 
as secondary to the primary hypersecretion and 
is not always present. 

Bronchial hypersecretion is manifest clinically 
as production of sputum. This may be detected by 
symptomatic enquiry or by collection of sputum 
specimens. A comparison of these two techniques 
was made on 144 postmen. Questions were asked 
on two occasions concerning the time of day and 
year at which phlegm was produced, and speci- 
mens of sputum consisting of all that was expee- 
torated in the first hour after rising were collected 
on two mornings in February and March; 86 per 
cent of the men returned the sputum bottles that 
(forced 


expiratory volume) were also made. The answers 


were issued. Measurements of 
to questions and the results of sputum collection 
were related, but the relation was imperfect. Those 
who denied having phlegm had the least sputum, 
those admitting to phlegm for only part of the 
day had significantly more, and those admitting 
to producing it throughout the day had signifi- 
cantly more again. A similar differentiation could 
be made between these three groups in respect of 
mean FEV,9 and illnesses. 
Those who admitted to perennial phlegm produced 
more sputum and 


frequency of chest 
slightly, but not significantly, 
had more illnesses than those admitting to winter 
phlegm only, but there was no difference in their 
mean FEV, o. There was complete correspondence 
between a simple triple classification of bronchitis 
according to answers to questions and volume of 
winter sputum in 63 per cent of the cases. The 
ability to repeat the two methods (over 70 per 
cent) was found to be similar. 

It is suggested that bronchitis may be diagnosed 
and graded either by asking three questions on 
production of phlegm or by measurements of 
sputum volume. Both techniques are liable to 
observer and subject error and should, if possible, 
be combined. Other causes of productive cough are 
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The Effect of Ultraviolet Radiation upon the 
l'ransmission of Epidemic Influenza in 
Long-term Hospital Patients 


Ross L. McLean, Atlanta, Ga. 


The advent of Asian-strain influenza 
this subject includes studies of ultraviolet radia 


showing a “‘partial effect on certain types of re 


that the principal mode of transmission of air 


aerosolized respiratory secretions of infected per 
Sons. 


rooms has been shown to be effective in disinfect 


Thus, if disinfection of upper air of rooms dimin 


mechanisms in the transmission of influenza. 
An entire hospital building unit, housing ap 


proximately 150 patients, 


the first phase (July 28, 1957, 


route. By contrast, 11 (4 per cent) of 248 suscep 


165 susceptible personnel showed serologic evi 
dence of infection. During the second phase of the 
study (November 16, 1957, to March 15, 1958), of 
277 susceptible patients within the radiated area, 


only 1 (0.4 per cent 
tion occurred. By contrast, 41 (20 per cent) of 201 
susceptible nonradiated patients and 35 (9 


evidence of infection 


The striking differences in the incidence of in- 
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so much less common that they need not be ex- 


created 
new opportunities to study the mechanism of 
transmission of epidemic influenza. Prior work on 


tion of barracks, recreation halls, and other places 
of congregation. These studies were interpreted as 


spiratory disease’’ but not sufficient to justify a 
recommendation for general use. This study was 
based upon the concept of “‘aerial isolation’’ as 
described by William Firth Wells, which states 


borne disease may be blocked by adequate dis- 
infection of air that has been contaminated by the 


Ultraviolet radiation of the upper air of 


ing truly air-borne particles, but relatively ineffec- 
tive against surface contamination at lower levels. 


ishes the incidence of influenza, this effect must 
be related to the relative importance of air-borne 


was totally radiated, 
and facilities for the total care of these patients, 
with no need to venture outside the radiated area, 
were provided. Samples of serum were obtained 
from all hospital personnel and all patients at the 
end of July, 1957, again in mid-November, 1957, 
and finally, in mid-March, 1958. Virtually none of 
the patients or personnel were vaccinated. During 
to November 15, 
1957), approximately 186 susceptible (by serology) 
patients resided within the radiated area. Only 2 
(1 per cent) were infected by the transradiation 


tible nonradiated patients and 56 (12 per cent) of 


case of transradiation infec- 


per 


cent) of 370 susceptible personnel showed serologic 
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fection, as determined by serologic means, be- 
tween the radiated patients and the hospital per- 
sonnel, in particular, suggests strongly that an 
important mechanism of transmission of epidemic 
influenza was significantly blocked. It is possible 
that an air-borne mechanism has been blocked by 
the aerial isolation accomplished by ultraviolet 
disinfection of the upper air of an entire hospital 
building unit. 


Psittacosis and Q Fever in Laboratory Personnel 


ALLAN H. Levy, Epwarp W. Hook. and Ropertr 
R. WaGner, Baltimore, Md. 


Despite thorough safety precautions, laboratory 
personnel working with the causative agents of 
psittacosis and Q fever frequently become in- 
fected. Between 1945 and 1957, 12 cases of psitta- 
cosis and 27 cases of Q fever occurred sporadically 
in the microbiologic laboratories at Fort Detrick, 
Maryland. Eleven of the 12 patients with psitta 
cosis had worked directly with the virus, but only 
two of these had been aware of a laboratory acci- 
dent. The illnesses were similar to, but somewhat 
milder than, acquired 
Whereas eight patients had an abrupt onset with 


naturally infections. 


malaise, headache, chills, and fever, four had an 
insidious onset. Cough was common but often did 
not develop until the second week of illness. Rales 
were heard early in the course of illness in three 
patients but did not develop until the fourth or 
X-ray 


findings of pulmonary infiltration were noted in 


fifth day of hospitalization in six others. 


the lower or middle lobes of ten patients and in 
the upper lobes of two patients. Nine of the pa- 
tients were treated with one of the tetracyclines, 
chloramphenicol, or penicillin, and all responded 
promptly. 

In contrast to the psittacosis cases, only 18 of 
the 27 patients with Q fever worked directly 
with C. burnetii, although several others were in- 
fected while in areas adjacent to laboratories. 
In four 

None of 


only 21 of the 27 


the source of infection remained ob- 


scure. the illnesses was severe, and 
required hospitalization. 
Although most patients had been vaccinated 
with both Q fever and psittacosis vaccines, com- 
plement-fixing antibody titers after infection 
were higher and persisted longer than those re- 
sulting from immunization. It is not possible to 
determine if the large proportion of mild illnesses 
was the result of prior immunization or mode of 
infection or the result of effective case detection 
through continual surveillance of a closed popu 


lation. 
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The Effect of Oxygen Therapy on the 
Pulmonary Capillaries 


Ben V. Branscoms, Beutan M. 
way, and Cuarves B. McCatu, 
Birmingham, Ala. 


Recently evidence has been presented support 
ing the hypothesis that inhalation of oxygen in 
therapeutic concentrations induces pulmonary 
capillary proliferation, sometimes after only two 
days. Because of the importance of this hypothesis 
in relation to the clinical use of oxygen, two ex 
periments were conducted. First, seventy-six mice 
were divided into three groups. One group 
breathed room air, the second was exposed to com 
pressed air in a sealed chamber, and the third 
breathed 57 + 2 per cent oxygen. Animals were 
sacrificed from each group every two days. After 
fourteen days, all remaining animals were returned 
to room air, and sacrifices continued for fourteen 
additional days. Each lung served as a control for 
the opposite lung. The sections were coded and 
interpreted “blind.’’ No evidence for an oxygen 
effect could be found 

Seventy-four consecutive human autopsies have 
been studied to date. The identity of the subject 
and the oxygen history were withheld from the 
pathologists until the sections had been studied. 
Since patients currently in the hospital were used, 
eareful records of the method and duration of 
oxygen therapy could be obtained. Correlation of 
the histologic change with the mode and duration 
of oxygen therapy vielded the following conelu 
sions 

1. Some degree of focal capillary proliferation 
occurred in 78 per cent of the subjects. 

2. Thirty-two subjects showed moderate or 
severe capillary proliferation, but of these patients 
19 received no oxygen therapy. 

3. There was no correlation between the dura 
tion of oxygen therapy or the method of its ad 
ministration and the presence or severity of capil 
lary proliferation. 

+. The occurrence of foeal capillary prolifera 
tion did not seem to depend on the presence of 
cardiopulmonary disease at the time of death but 
was seen in many subjects with otherwise un 


remarkable lungs. 


4B Experimental Methods 


Lung Structure in Three Dimensions afte: 


Inflation and Fume Firation 


B. J. and Hoius G. Boren, 


Houston, Texas 
The unique lability of the lung prevents its 
being cut without gross distortion. As the elabo 
rate techniques devised to prevent this distortion 


have not come into commun usage, a simple 
method of fume fixation is presented. 

The lung is inflated and fixed by air containing 
formaldehyde fumes. The inflated specimen is 
rigid, dry, and nonfragile. New methods of cut 
ting, staining, and mounting allow the entire ar 
chitecture from gross appearance to the details of 
cellular structure to be seen. Three-demensional 
structure is visualized by stereoscopic microscopy. 

The results are: (1) human emphysema may be 
studied to classify the types and distribution of 
lesions and to identify early changes; (2) morpho- 
logic changes may be correlated with physiologic 
alterations present before death; (3) mechanical 
properties of the lung may be studied prior to 
fixation; (4) the form and arrangement of alveoli 
are demonstrated; (6) the pattern of pulmonary 
capillary bed is well defined; (6) the method pro 
vides an excellent tool for screening lungs of ex- 
perimental animals so that the results of air pollu 
tion are visualized. 


Preparation of Normal and Emphysematous Lung 
Tissue for Structural Studies of Bronchioles, 
Alveolar Ducts, and Alveoli 


Puitie C. Pratrr, Columbus, Ohio 


A major problem in the study of the anatomy 
and pathology of the smaller respiratory strue- 
tures is their marked tendency to collapse and 
become distorted during fixation and preparation 
for examination. This is especially true in the 
presence of any type of emphysema in which a 
variable degree of distortion is present in vivo, 
but there is difficulty in identifying it in the pres- 
ence of artefactual distortion. Furthermore, finer 
structures are so tortuous in three dimensions 
that it is rare to see complete longitudinal sections 
in ordinary preparations. 

A method has been devised for the preparation 
of pulmonary tissue dried in a state of inflation 
comparable to conditions within the chest. Briefly 
this involves placing the lung in a specially de 
signed respirator box and causing it to “breathe” 
formaldehyde vapor for about 18 hours in order 
to fix it. This is followed by about one week of 
steady inflation, which results in drying of the 
entire lung. When dry, the lung will maintain its 
size and contour indefinitely. Multiple sections 
with a thickness of about 1 mm. have been cut 
from apex to base of a series of lungs thus pre 
pared. The large area of cut surface makes possible 
the frequent visualization of longitudinal sections 
including all structures from bronchioles to 
alveoli. Sections have been made from normal and 
emphysematous lungs. 

Another of the problems relating to the identifi 
cation of structural changes in obstructive emphy 
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sema is the rarity with which lungs become avail- 
able for study from known through 
previous pulmonary function studies to have ob 


patients 


structive emphysema. For this reason a further 
extension of the present study involves a demon 
stration of the ventilatory activities of the excised 
lung. It is believed that rather simple studies of 
expiratory flow rate and patterns will suffice to 
identify examples of obstructive emphysema in 
lungs that may be obtained from such patients 
who have not had previous pulmonary function 
studies. It is a relatively simple matter to con 
duct such ventilation experiments using the lung 
respirator that is required for the inflation and 


fixation of the lungs. 


Studies of the Elastic Tissue of the Lung 


Ropert W. Carton, Beverty Tews, Joun 
DraNAuSKAS, and GreorGe M. Hass, 
Chicago, 


Elastic tissue occurs as a major connective tis 
sue component of the human lung, and much of 
the retractile force of the lung has been ascribed 
to its action. In the past a very few serial recon 
structions of pulmonary elastic tissue have been 
assembled so that this network could be studied 
in three dimensions, but because of the difficulty 
of this method most descriptions have been based 
upon conventional thin microscopic preparations. 
We have taken advantage of the selective resis 
tance of pulmonary elastic tissue to concentrated 
formie acid and have isolated this network by 
dissoiving other elements of lung structure from 
around it. In this 
many lungs can be compared with ease, and the 


manner the elastic tissue of 
structural background of pulmonary behavior can 
be examined. 

Blocks of lung measuring about 1.5 em. in all 
dimensions are taken during autopsy and placed 
in 88 per cent formic acid for 72 hours. They are 
then neutralized and stained with basie fuchsin. 
Only a thin delicate network remains, which out 
lines the pattern of the former pulmonary struc 
ture. This elastic network can be suspended in 
water for microdissection or can now be embedded 
in gelatin or plastic. 

Blocks from fifty 
treated by this method, and slides and photo 


normal lungs have been 
micrographs of the important elastic structures 
are available. The following points are striking in 
these preparations: (/) the richness of the elastic 
net work of the distal air spaces; (2) the continuity 
of elastic fibers between the pulmonary vascula 
ture, pulmonary parenchyma, and pleura; and (3) 
the manner in which the air passages can be traced 
by the elastic net work from bronchiole to alveolus. 

Three lungs from persons suffering from severe 
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hypertrophic pulmonary emphysema were ex- 
umined, and the sparse and irregular elastic tissue 
structure and the increased thickness and staining 
irregularities of many of the remaining elastic 
fibers were noted. 

The Erythropoietic Factor in Hypoxic Patients 
with Emphysema without Secondary 
Polycythemia 
James F. HamMarstzen, Watter H. Wurtcomes, 
Rospert M. Birp, C. Jounson, and 
MarGaret Moors, Oklahoma City, Okla. 

Many patients with chronic hypoxia due to 
pulmonary emphysema fail to develop a secondary 
polycythemia. 

This study is concerned with the biologie assay 
for erythropoietin activity in the plasma from such 
patients. The experimental plasmas were donated 
by five patients with obstructive emphysema. 
Each patient had hemoglobin values distinctly 
below the level that would be expected in a nor 
mal individual chronically exposed to a similar 
degree of hypoxia. Plasmas donated by two young 
men in vigorous, good health served as controls. 
All plasmas were heated to 98°C. for 10 minutes, 
and the supernatant fluid was dialyzed and recon- 
stituted to the original plasma volume. Mature 
male Sprague-Dawley rats were free-fed and in- 
jected intraperitoneally daily for 13 consecutive 
days. The daily dose of plasma filtrate injected 
was equal to 2 per cent of the animal’s current 
weight. The blood values were obtained immedi 
ately prior to the first injection and the day fol- 
lowing final injection. Each group of rats receiving 
hypoxie plasma filtrates showed a mean increase 
in hemoglobin values and erythrocyte counts. Rats 
receiving normal plasma or saline showed a vari- 
able response. The increases in hemoglobin and 
erythrocyte counts exhibited by the animals given 
hypoxie plasma were significantly different from 
the control value at the P = <0.02 level. A similar 
trend was noted in the hematocrits. 

These results indicate that the plasma of pa- 
tients who are hypoxic as a result of pulmonary 
emphysema but who have not developed secondary 
polveythemia contains a quantity of erythro 
poietin greater than that seen in normal subjects. 
This is interpreted as additional evidence that 
their ervthropoietic unresponsiveness results from 
a refractory bone marrow. 

A Constant Volume Fractional Sample Collector 
for Repetitive Cardiac Output Determinations 
MarGarer E. Ganrr, M. Mostara 
ABDEL-Farran, and Davip W. 
Chieago, Ill. 

Continuous recording methods have greatly 
simplified cardiac output determinations but re- 
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quire much larger doses of radioactive substances 
or of special dyes than multiple sample techniques. 
These large dose requirements limit the number of 
times the cardiac output can be measured with 


If multiple samples are collected, the han 


safety 
dling and manipulation of each sample is burden 
some, particularly when several flow determina 
tions are necessary 

\ new type of fractional sample collector has 
been designed to aid in cardiac output determina- 
tions. This device will collect as many as 60 con 
secutive, discrete arterial blood samples of con 
stant volume and at any rate up to 0.5 seconds 
per sample. The samples are transferred directly 
to automatic scintillation counting equipment. 
The sample size may be as large as 0.7 ml. and the 
volume per sample is constant regardless of varia 
blood 


iodinated albumin is used as the indicator. 


tions in arterial pressure. Radioactive 

The apparatus has been tested in the following 
three ways 

1. Continuous flow through a mechanical model. 
Flows were determined simulianeously by direct 
measurement and were calculated from the frac 
tional sample collector. In 18 trials with a 
1,190 to 3,010 ml./min. the radio-iodine 


flow 
range ol 
calculated flow was from 93 to 104 per cent of the 
measured flow. The mean difference was 3 per cent. 

2. Measurements with a dual pump system that 


provided recirculation. timed-concentration 
plot of injected tracer was indistinguishable from 
curves obtained from patients. In 13 trials, with 
flows from 1,845 to 4,120 ml 


measured flow percentage range was 80 to 105 per 


min., the radio-iodine 


cent, with an average difference of 7 per cent. 

3. Simultaneous direct Fick and fractional sam 
ple radio-iodine out put determinations. In 25 com 
parisons in dogs the range of Fick cardiac output 
520 to 2,260 ml 


percentage was 81 to 142 per cent, with an average 


was min. The radio-iodine/Fick 
difference of 10 per cent. 

In all 
little as 2 to S me. of radio-iodine was sufficient 


for ecardine output determinations in 


three methods agreement was good. As 
man, and 
it ean be repeated with little or no increase of 


indicator dose. 


1 Rapid Vouse Test for the Diagnosis of 


Pulmonary Tuberculosis 


Davin GALe, Evizaperu A, Lockuart, and 


ALEXANDER Jack, Albuquerque, N. M. 


Preliminary studies with known positive pa 
tients indicate that inoculation of mice with pa 
tients’ specimens combined with an adjuvant is 
much more rapid in vielding evidence of tubercle 
bacilli in such specimens than is found by the usual 


cultural procedures. An evaluation of 1,000 routine 
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specimens by both mouse inoculation and culture 
is now being done The results obtained on the 
first 470 specimens indicate that the mouse test is 
not only more rapid than culture procedures but 
also more sensitive. Many patients considered 
negative by culture have been found to be positive 
by mouse test and are excreting viable tubercle 
bacilli. 


4C Tuberculin Testing 


PPD Intermediate: Its Diagnostic Significance in 
Active 


T ube re ulosis 


So. Katz, Washington, D.C., Ropertr C. 
Baltimore, Md., Tuomas J. Ryan, Tuomas F. 
O'Connor, R. J. MARILLEY, and Ricuarp B 

Perry, Washington, D. C 


The intermediate PPD skin test has been con 
sidered the most valuable screening skin test in 
the diagnosis of tuberculosis. Reports have re 
cently stated that this test will be negative in a 
significant number of active tuberculosis cases, 
which limits seriously its diagnostic value. This 
paper presents a critical reappraisal of its specifie 
itv in active tuberculosis in a 


two-part prospec- 


tive type of study. The necessity of repeating the 
test in initial negative or doubtful reactors before 
considering the patient truly tuberculin negative 
is emphasized. 

Commercially available PPD intermediate anti 
gen was used in 300 cases of bacteriologically and 
or histologically proved active tuberculosis. The 
test repeated immediately in al! 
doubtful Over-all 
results show the test to be positive in 294 of 300 


Was routinely 


initial negative or reactors 


cases. Five of the six remaining patients had ob 
vious cause for anergy. Excluding these, the test 
Was positive in 99.7 per cent. Of the 300 patients, 
7 per cent were initially negative but were posi 
tive upon immediate retesting. 

Tuberculin 


The Variability of Tests 


GEORGE ALTBACH, 


Calif 


BoGEN and 
Olive View, 


Differences in tuberculin tests responsible for 


reports of tuberculin conversions or reversions 
are often misleading, due to variations in the per 
formance or reading of the tests or to nonsignifi 
The fre- 


quency and significance of such chance variations 


cant fluetuations in tissue sensitivity. 


were studied by performing multiple tests, simul 
taneously and successively, on the same series of 
subjects and obtaining multiple independent read 
ings of the results by different observers. Reading 
error in more than 1,300 paired readings averaged 
the variation be 


only about one millimeter, but 


tween the diameter of the reactions to the same 
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dose of tuberculin placed in both forearms at the 
same time by the same or different workers was 
more than twice as great and resulted in an exces 
sive number of apparent discrepancies interpreted 
as conversions or reversions. The causes for some 
of the discrepancies were investigated, and mea 
sures for preventing some of them developed. It 
was concluded, however, that for reliable results 
in a study of tuberculin tests, each test should be 
performed at least twice before a negative report 


Is accepted. 


The Tuberculin Test and the Diagnosis of Clinical 
T ube 


rculosis 


W. JoHNSTON, 
HARNED 


Davip T. 
Herpert A. and J. 


Burkin, Durham, N. C 


The reactions to second strength PPD are true 
allergic responses and not the result of chemical 
irritation from tuberculin. Healthy individuals re- 
acting exclusively to second-strength PPD have a 
resistance to the development of clinical disease 
appreciab Vv greater than those giving 20 mm. or 
more reaction to five TU and definitely greater 
than those who fail to react to second-strength 
PPD. 

Some of reactions 


the second-strength 


caused by infection with atypical acid-fast bacilli 


or other organisms and some are caused by tuber 
cle bacilli. The exact proportions of each remain a 
matter of controversy. 

The size of the dose of tuberculin needed in 
diagnostie studies and the size of the reactions 
depend not only on the inherent degree of allergy 
but also on the physiologic capacity of the skin to 
react. Patients with chronic progressive pulmo 
nary tuberculosis, as well as those with miliary 
tuberculosis or meningitis, may have such a re- 
that 


second-strength PPD, or they may fail to react 


duction in tissue tone they react only to 
even to this large dose 

In a well-fed, stabilized sanatorium population, 
99.6 per cent of the patients with proved tuber 
culosis may give a positive reaction to the five-TU 
dose. However, sicker patients are not so reactive. 
In one state sanatorium, where the patients were 
tested on admission, 50 (8.7 per cent) of 624 who 
eventually proved to have tuberculosis failed to 
react to five TU, and 4 (0.6 per cent) did not react 
In the Durham VA Hos 
pital 5 (6.1 per cent) of 81 proved cases failed to 


to second-strength PPD 


react to five TU, and one did not react to second 
strength PPD. Duke Hospital does not deliber 
ately admit medical cases of tuberculosis. Among 
120 proved cases 20 (16.7 per cent) failed to react 
to 1:1000 OT but were positive to 1:100 OT, and 
react to 1:100 OT 


IS (15 per cent) did not 
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The percentage of tuberculous patients who re- 
act to five TU varies with the type of hospital and 
with the degree of illness of the patient. 


Experiences with the Newer Tuberculin-testing 


Techniques: Patch, Modific d Patch, Disk. 
Heaf, etc. 


L. Woop,* 
and Irene L. Doro, Kansas City, Kans. 


FurcoLow, LAWRENCE E. 


It appears an appropriate time to summarize 
the 
techniques compared with the intradermal tuber 


experiences with newer tuberculin-testing 
culin test employing intermediate-strength PPD. 
These comparisons have been done over the past 
five years and include hundreds of persons, both 
children and adults. 

An attempt will be made to summarize the ad 
vantages and disadvantages of the various testing 
techniques. 


Purified Individual 
Tuberculoproteins and the International 
Standard Tuberculin, PPD-S 


Comparison between 


H. M. VaNpiviERE, Chapel Hill, N.C., Florence 
B. SerBpert, Philadelphia, Pa., and MarGarer 
R. VANpIVIERE, Chapel Hill, N. C. 

A, B,C, and 
have been compared 2s skin 


Several purified tuberculoproteins 
a bacillary fraction 
test antigens in individuals vaccinated with several 
BCG strains (1,000) or with an attenuated human 
strain, R,Rv (600), in naturally converted non 
tuberculous (1,200), 
patients (1,400). The reaction to the equivalent 


groups and in tuberculous 
dosage in micrograms of PPD-S served as a base 
0.0001, 


and 0.005 mg. Statistical analvses have been made 


line. Concentrations tested were 0.00002, 


comparing each group as to quantitative volume 
of reaction elicited and the numbers of reactors 
detected. 

Test antigens were injected intradermally into 
each forearm, exch person acting as his own con 
trol. The volume of the reactions was mezsured 
and ealeulated as the segment of a sphere. Com 
plete statistical analysis has been made for each 
group, individually and comparatively. 

In general, comparative testing with PPD-S 
and Fraction A results in slight differences. **A”’ 
is, however, greatest in the number and percent 
age of reactors after vaccination with Ri Rv. Frae 
tion B proves to have the greatest sensitivity and 
specificity. Fraction C is significantly weaker than 
the others. The bacillary is greatest in volume in 
vaccinated and naturally converted nondisease 
groups but is significantly less than PPD-S, “A,” 
or “B” in tuberculous patients 


* Deceased. 
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It appears (/) that the skin reactions to these 
several fractions may well indicate immunity with 
one pattern of response (A > or > PPD:B > 
PPD:C not sig.: Bac. > PPD) and disease with 
(A = or < PPD:B > PPD:C not sig.: 
PPD); (2) also, of clinical interest, that a 


another 
Bae 
““B” fraction demonstrates a sensitivity and spec 
ificity that is far superior to either PPD or OT 
(and may answer some of the nonspecificity prob 
lems 

The results of precipitin tests with these various 
sera (vaccinated and tuber 


fractions in rabbit 


culous) are suggestive of correlation with animal 
prognosis, electrophoretic pattern, and is not con 
tradiectory to the tuberculin response data in hu 
mans 

Corticotropin-induced Changes in the Tuberculin 
Skin Test: A Controlled Study in Advanced 


T whe reulosis 


HarveY SaLomon and Joseru H. ANGEL, 
Brooklyn, N. Y. 


A controlled study of the effects of corticotropin 
on the early course of moderately and far ad 
vanced pulmonary tuberculosis has recently been 
coneluded. Cases that met the criteria for admis 
sion to the study were randomly assigned to either 
the corticotropin or the control group. The former 
group, in addition to triple antituberculosis 
chemotherapy (isoniazid 0.3 gm., PAS 12 gm., and 
streptomycin | gm. daily), received corticotropin 
gel beginning at 80 units and decreasing to a 
maintenance dose of 30 to 40 units daily for three 
months. The preliminary report on the first 80 
patients to complete this trial has been presented 
The clinical X-ray clearing, 
and 


elsewhere. course, 


sputum conversion, pulmonary function, 
other aspects of the two groups were compared. 
As a simultaneous but smaller 
study, 68 of the randomized patients had their 
tuberculin reactions studied. Five tuberculin units 
of PPD-S (0.0001 mg. of international standard 
PPD) were given intradermally to each patient 
before treatment and during the sixth week, the 
third month, and the sixth month of treatment. 


Differences in the reaction to tuberculin between 


independent 


the group given corticotropin and the control 
group were then statistically analyzed. 

There is a significant reduction in the extent of 
the tuberculin the influence of 
corticotropin. At six weeks, all control patients 


reaction under 
had positive reactions by American Trudeau So 


ciety standards. At the same time, among those 
patients receiving corticotropin, eight had no in 
duration at all and ten had negative reactions. 


Since corticosteroids may be expected to have a 
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comparable effect, caution is recommended in the 
interpretation of tuberculin tests in patients re 
ceiving the steroids or corticotropin. The redue- 
tion in sensitivity to tuberculin further suggests 
the use of corticotropin or the steroids in those 
cases of tuberculosis in which toxicity is a major 
consideration, e.g., acute hematogenous tubercu 
losis, tuberculous meningitis, and far advanced 
pulmonary tuberculosis. 


SA Immunology 


The Role of BCG Vaccination in the Elimination 


of Tuberculosis 
ARMAND FrRappIieR, Montreal, Canada 


(Abstract not available at time of publication 
BCG in Chicago: A Twenty-year Study 
Statistically Analyzed 


Sout Roy RosenTHAL, ERHARD LOEWINSOHN, Mary 
L. Grauam, Dorotruy Livertcut, MARGARET 
G. Tuorne, Vioter Jounson, and H. C. 


Batson, Chicago, 


The study was initiated in 1937 with newborn 
infants who were from nontuberculous households, 
who were born at the Cook County Hospital in 
Chicago and who lived in high tuberculosis prev- 
vaccinated or 
followed to 


alence areas. Some 3,383 infants, 


not, born from 1937 to 1948, were 
1957. 

The follow-up of the children ineluded birth 
weight, sex, race, area of birth, examinations in 
the clinic, X-ray, tuberculin tests, extent of con 
tact with tuberculin conversion 


rates, ete. These and other factors totaling some 


tuberculosis, 


eighty items were card-catalogued, tabulated, and 
submitted for statistical analysis. 

The statistical analyst, Dr. Batson, 
“The over-all comparability of the vaccinated and 


states 


the control subjects appears adequate in most 
regards. Statistically significant differences have 
been identified for consideration and assessment 
for medical importance. 


“The difference in the cases of 


number of 


tuberculosis among the control subjects (57 in 
1,665) and the vaccinated (16 in 1,716) was statisti- 
cally highly significant (x? = 24.62 p = <0.001).” 


The Evaluation of a Serum Gel-Diffusion 
Precipitation Test for the Diagnosis of 


Tuberculosis 


Chicago, Il. 


Rosert C. and Guy P. Youmans, 


An extensive cooperative double-blind study of | 
the usefulness of a gel-diffusion precipitation test 
for the diagnosis of tuberculosis has been in prog 
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ress since July 1, 1958. This program has involved 
the Department of Microbiology, Northwestern 
University Medical School, and 17 cooperating 
hospitals and sanatoriums in various parts of the 
country. The major goals set for this program were: 
(1) to determine the sensitivity, reliability, and 
limitations of the gel-diffusion precipitation test 
for the detection of antibodies in the serum of 
tuberculous persons; (2) to determine the specific 
ity of the test; and (3) to determine the relation 
ship bet ween the presence of circulating antibodies 
as detected by the gel-diffusion test and tuber 
culin hypersensitivity. 

It is anticipated that complete data will be 
available by May, 1959, on sera obtained from be- 
tween 2,500 and 3,000 patients. 

Preliminary data (as of January 1, 1959) based 
on the results of tests performed on approximately 
1,000 specimens of serum indicate that slightly 
more than 90 per cent of patients with bacterio- 
logically proved tuberculous disease will show a 
positive gel-diffusion test. On the other hand, only 
about 5 per cent of persons with clinically diag 
nosed nontuberculous disease have shown a posi- 
tive gel-diffusion test. Furthermore, over 90 per 
cent of tuberculin-positive but clinically non- 
tuberculous individuals do not show a positive gel 
diffusion test. 

A complete and detailed analysis of the clinical 
and laboratory data on the larger number of pa 
tients and an evaluation of the sensitivity, re 
liability, and validity of the technique have been 
prepared. In addition, a study of the gel-diffusion 
test as used for the detection of antibodies in 
tuberculous and nontuberculous simian sera has 
been analyzed, and the effect of BCG vaccination 
on the production of antibodies detectable by the 
gel-diffusion technique has been studied. 


A Correlation of the Results of the Agar Double- 
diffusion Precipitation Test with the 
Bacteriological Findings in 210 


Consecutive Patients 


Lester, Jr. and Rosemary Coton, 
Hinsdale, Ill. 


WILLIAM 


Sera from 210 consecutive patients admitted to 
a tuberculosis hospital were studied for the pres 
ence of antimyeobacterial antibodies by means of 
the agar double-diffusion precipitation. The test 
was found to give reproducible and consistent re 
sults. In this series there were 129 patients with 
bacteriologically confirmed diagnoses of tuber 
culosis, and 123 of them (95.3 per cent) were found 
to be antibody positive. All (100 per cent) of the 
25 cases of photochromogenic and five cases of 
Battey atypical infection were antibody positive. 


TRUDEAU 


SOCIETY 847 
However, only 82 per cent of patients with only 
scotochromogenic atypical cultures were found to 
be antibody positive. There were 33 patients in 
the series who had demonstrable pulmonary pa- 
thology but who were culture negative throughout 
the period of their observation, and only 60 per 
cent of them had demonstrable antibody. A com- 
parison of the rate of tuberculin reactors to five 
TU of PPD with the presence or absence of anti- 
mycobacterial antibodies strongly suggested that 
the results of agar double-diffusion precipitation 
tests were independent of tuberculin sensitivity. 


A Correlation of the Results of the Agar Double- 
diffusion Precipitation Tesi with the 
Bacteriological Findings in 189 
Consecutive Patients 


Lester, Jr. and Rosemary 
Hinsdale, Ill. 


(Abstract of paper not available) 


5C Thoracic Surgery 
Surgical Experience and Histopathologic Findings 
in Pulmonary Infections Caused by 
Photochromogenic M ycobacteria 


GEorrreEY Kent, Ropert W. Harrison, WILLIAM 
LesTer, ARTHUR F. Reimann, Epwin T. Lona, 
and E. Apams, Hinsdale, Ill. 


Analysis of the results of resectional surgery in 
22 patients with pulmonary disease caused by 
photochromogenic mycobacteria revealed an un 
due frequency of postoperative complications in 
these cases. The resected specimens of 10 of these 
cases were carefully studied, and the findings com 
pared with those seen in similar specimens, 
matched as to extent and character of disease, ob 
tained from patients infected with typical human 
type tubercle bacilli. 

The tissues from the photochromogenic cases 
demonstrated the whole gamut of anatomic and 
histopathologic findings seen in typical tubercu- 
losis. However, they also exhibited certain dif 
ferences. Severe involvement of the bronchi was a 
prominent feature in every case, and it appeared 
to be a process that grew by extension and con- 
tiguity with few distant foci. Furthermore, the 
process was characterized by a dearth or, in some 
instances, a complete lack of fibrous enecapsula 
tion. Schaumann bodies and asteroids were fre 
quently seen, and fat phagocytosis was a prom 
inent feature 

The relation of these histopathologic findings 
to the increased risk, observed after wedge or 
segmental resections in patients with photochrom 
ogenic mycobacterial infections, was investigated. 
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Occlusion of the Bronchus in the 
Selected Cases of 


Ope alive 
Treatment of Pulmonary 


Tuberculosis 


J. CHAMBERLAIN, New York, N. Y., 
Perer Parnassa, Brooklyn, N. Y., and Tuomas 


M. New York, N. ¥ 


It is an established pathologic fact that one 
method of healing in cavitary tuberculosis is the 
result of inflammatory occlusion of the broncho 


cavitary junction. The endoscopic application of 


eausties, both experimentally and clinically, has 
failed t« this 


division of the bronchus serving the diseased ares, 


mimic natural occlusion. Surgical 


however, will successfully imitate this pathologic 
process 
the time of 


free of sec 


Tuberculous cavities cultured at 
Monaldi 


ondary organisms. Consequently, operative occlu 


drainage were universally 
sion of the associated bronchus is well tolerated. 


Broad-spectrum antimicrobials used preopera 
tively provide additional security. 

The most frequent common denominator among 
| 


the resection failures was the inability to ob 


literate residual dead space, e.g., after resection 
of the left upper lobe together with the superior 
segment of the left lower lobe. Operative occlusion 
on the other hand, avoids the 
Fur 


of the bronchus, 
usual complications of resectional therapy. 
thermore, the pulmonary function is preserved 
and the sputum is converted immediately 

Qur experience is based upon a small series of 
eases during the last 10 vears. One death occurred 
and was not related to the operation. No complica 
tions have oecurred. The cases are described in the 
paper and, although the indications for the opera 
tion are few, it is conceivable that the usefulness 
of the procedure will increase when the results of 
long-term antimicrobial therapy have been estab 


lished 


especially 


We believe the procedure is indicated 
for the emphysematous patient with 
negative sputum and persistent ‘“‘ground shadows’ 


in the chest roentgenogram 


Intrathoracic Mesothelioma 


B. Errver and Cari A. Broappus, Jr., 


Cleveland, Ohio 


Tumors arising from the mesothelial lining of 
the thorax are not common. During the past ten 
13 proved cases have been studied at the 
this 


In each ease tissue studies were 


years 


Cleveland Clinie; one of series may be of 


peritoneal! origin 


obtained, some form of therapy recommended 


and complete follow-up studies established. 
four tumors 


In the series of 13 patients, were 


classified as benign, nine as malignant. One of the 


four benign cases manifested epithelial elements as 
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well as fibrous; on the basis of published reports 

this constitutes a histopathologic rarity. 
Pulmonary osteoarthropathy is considered by 


many to be almost pathognomonic of mesothe 
lioma. According to most published reports, it is 


at least mentioned as a common accompaniment of 
mesothelioma. Therefore, it is of particular in 
terest that in none of the 13 cases here reported 
was pulmonary osteoarthropathy present. 
Subjective and objective findings in patients 
with mesothelioma are not specific. The signifi 
eant clinical features and the methods of diagnosis 
in this series of cases are described 
The four benign cases were treated by surgical 


nine malignant intrathoracic mesotheliomata were 


excision, and there have been no recurrences. 
treated with surgery, nitrogen mustard, radiation, 
or combinations of the three. All patients but one 
were dead within two vears of onset of symptoms. 
The sole survivor, treated by pneumonectomy and 
decortication, appears to be in good health two 
and-a-half vears after onset of symptoms. 


~ 


‘oarclalion of the Aorta as Associated with Othe 


Cardiovascular Anomalies 


KuzMan and B. Kiva, 


San Diego, Calif. 


J. 


This report concerns 20 consecutive patients 


who were referred with a tentative diagnosis o 
coarctation of the aorta. On subsequent examina 
tion, the diagnosis was confirmed in 18 patients 
The other two cases were diagnosed as pulseless 
disease. 

Of the 18 cases of coarctation of the aorta, 16 
were of the adult type and two were of the infantile 
type. In 12 cases surgical repair of the coarctation 
was carried out with excellent results. Four asymp 
tomatic patients under age three with an adult 
type of coarctation are continuing under observa 
tion. One patient with associated ventricular 
septal defect and patent ductus arteriosus died 
nine days after birth, and one with a ventricular 
septal defect is now being prepared for surgery 
The group (16) with the adult type of coarctation 
had significant associated cardiovascular defects 
in ten instances, as did both the patients with 
the infantile form 


There were nine males in this series and nine 


females. The voungest patient with coarctation 
of the aorta was nine davs old and the oldest 43 


‘arried 


vears old. Four of the surgical repairs wer 
out under hypothermia because of associated ext 
diae defects 
Klectrocardiographically, all patients with es 
sentially pure coarctation of the aorta demon 
strated a normal tracing or only minimal sugges 


tion of left ventricular hypertrophy. All patients 
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with associated cardiac abnormalities demon 

strated grossly abnormal electrocardiograms. 
Orthoecardiograms demonstrated rib-noteching in 

six of 14 with an 


infantile type of coarctation demonstrated the 


patients. The one patient 
classical unilateral rib-notching. Roentgenograph 
ically, patients with uncomplicated coarctation 
had normal eardiac silhouettes, in contrast to 
those with associated cardiac defects. 

angiocardiography, 


Cardiae catheterization, 


ind/or pressures at surgery were carried out in 
seven of the eighteen patients 

The purpose of this report is to stress the high 
incidence of congenital cardiac anomalies as 
sociated with coarctation of the aorta. Similarly, 
the presence of a grossly abnormal electrocardio 
gram and/or orthocardiogram in a patient with 
suspected coarctation of the aorta should be a 
stimulus for an exhaustive study in order to rule 
out possible associated cardiac defects. 
Evaluation of Clinical Condition in the Seriously 


Til and Critical Effect of Small Overdosage in 
Vedication 


Rateu Apams and Rosertr CoreE.t, 
Wolfeboro, N. H. 


This report summarizes the observations and 
presents the conclusions from careful, intensive 
study of a group of cases under conditions of nearly 
total monitoring in the premedication, preopera 
tive, surgical, and early postoperative periods, 
and directs attention to the need for several forms 
of eare likely to be disregarded. The data make 
clear the two facts that an astute physician can 
de most of these things from intuition but that 
measuring devices that record the changes at onset 
can be very helpful, especially as most details of 
exare must be rendered by secondary personnel. 

Total reactivity was followed in the cases of ten 
patients from the time before they received pre 
operative medication, and all of their homeostatic 
mechanisms were recorded before going to the 
surgical pavilion, throughout the operative period, 
thence to the recovery room, and eventually back 
to their own beds. Some of the findings were sur 
prising. Small details about amount of medication 
are of decisive importance in the critically ill and 
in those facing surgery of large magnitude. Over 
medication, especially of the debilitated, is com 
monly although unwittingly practiced. Need for 
special nursing attention was shown to be almost 
as critical in the preoperative time as it is in the 
postoperative period. The poor condition of some 
patients during early phases of operation was 
shown to be caused by changes not recognized by 
previous methods of study 

Hypoventilation is the most frequent of all ab- 
normal eauses for variations in cardiovascular 
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function, especially in reference to the serious 
sequellae that it causes. The effects of deficient 
exhalation of carbon dioxide are marked on stroke 
volume output of the heart but delaved in time. 
Acidosis of serious extent can develop within a 
few minutes of a small dose of pentobarbital, and 
the deleterious effects of this variation can be 
manifested over 30 minutes of time, even though 
the hypoventilation caused by giving of the pen 
tobarbital was corrected within two minutes of 
Minor 


viscera or pressure upon organs, as by retractors, 


occurrence displacements of intestinal 
have been shown to cause immediate changes in 
the characteristics and caliber of the pulse wave 
by as long as three minutes before changes in 
clinical condition appear. Excessive ventilation 
is less damaging to homeostasis than is deficient 
ventilation, but it too is harmful. Deficient ox 
ygenation from any one of several causes can exist 
for many minutes before it is recognizable clini- 
cally in the form of cyanosis, although its existence 
can be recognized immediately by oximeter read- 
ings and secondarily by effects upon stroke vol- 
ume, cardiac rate, end-alveolar output, and pulse 
pressure before even astute and experienced ob- 
servers Can see cyanosis. 

A system of recording has been evolved whereby 
all information can be put onto one sheet of paper 
simultaneously and with a great reduction in the 
amount of mechanical gadgetry necessary. The 
data recorded in these cases studied included blood 
pressure readings, end-alveolar carbon dioxide, 
constant arterial oxygen saturation, arterial and 
venous blood pH, stroke volume output, cardiac 
rate, respiratory tidal volume, minute ventilation, 
electrocardiogram, and temperature. 
6A Symposium on Smoke, Smoking, and Chest 

Diseases 
Statistical Associations Between Cigarette Smoking 

and Pulmonary Diseases 
I}. CuyLer HamMonp, New York, N.Y. 
(Abstract not available at time of publication) 
Statistical Evidence 
Linking Cigarette Smoking with Chest Diseases 


A Critical Examination of 


ABRAHAM M. LILIENFELD, Baltimore, Md. 
(Abstract not available at time of publication) 
The Localization of Inhaled Foreign Matter in the 

Respiratory Tract 

A. C. Hitpine, Duluth, Minn. 
(Abstract not available at time of publication) 
Pathogenesis of Pulmonary Disease Due to Chemical 

Environmental Agents 

Pau. Korin, Los Angeles, Calif. 
Epidemiologic studies have established that 
chemical and physical agents in our respiratory 


| — 
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environment are associated with clinical pul 


monary diseases. One of these is lung cancer. 
Carcinogenic aromatic polyeyclic hydrocarbons 
have been identified in urban polluted air and in 
the condensate of cigarette smoke. In addition, 
experimental carcinogenic agents belonging to 
the group of aliphatic hydrocarbon oxidation 
products have been demonstrated in the air. Ex 
tracts from these environmental sources have 
heen used in the induction of skin tumors and 
mesenchymal sarcomas in a variety of mammalian 
have also been in 


Pulmonary tumors 


duced in mice and rats following prolonged ex 


species. 


posure to an atmosphere of ozonized gasoline. 
The clinical distribution of pulmonary cancer 
is compatible with a combined role for polluted 
air and cigarette smoke in the pathogenesis of this 
disease. In addition to the carcinogenic agents, a 
large number of irritants have been demonstrated 
in polluted air and cigarette smoke. Though these 
chemical irritants are in themselves noncarcino- 
genic, they appear to have a role in the develop 
ment of lung cancer. One of their properties is the 
ability to interfere with the normal flow of mucus 
on the respiratory epithelium. Under physiologic 
conditions, the continuous flow of the mucous 
stream tends to preclude the accumulation and 
prolonged retention of carcinogenic particulate 
matter on the respiratory epithelium. The slowing 
or cessation of mucous flow facilitates the localiza- 
This 


serves the carcinogenic process in two possible 


tion and retention of these particulates. 


ways. First, it permits abnormally long apposition 
of retained particles to the underlying epithelium 
and, second, it provides an extended time period 
for the elution of carcinogenic agents from soot 
particles to which they are adsorbed. 

The response of the epithelium to irritants is 
apparently a nonspecific one in that a broad group 
of chemically unrelated compounds is capable of 


producing a slowing of the mucous stream. A 
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significant factor in the production of this effect is 
the physical state of these chemical agents in that, 
when present as particulates, the effect is more 
intense and occurs at lower concentrations than 
that seen following exposure to gas phase material 

Over and above the presence of carcinogenic 
agents in polluted air and cigarette smoke, our 
experimental data demonstrate that these en- 
vironmental agents by virtue of their interference 
with normal function of the respiratory epithelium 
qualify for a role in the pathogenesis of pulmonary 
eancer. Further, the ubiquity of these environ 
mental agents and their etiologic compatibility 
with the epidemiologic data relating to lung cancer 
place the problem of their significance in the area 
of contribution to and responsibility for the ob 
served increased incidence. Not to suggest a role 
for them is irreconcilable with currently available 
information. 


An Experimental Approach to the Effects of Tobacco 
Smoke on the Lungs 


LEUCHTENBERGER, Boston, Mass. 
(Abstract not available at time of publication) 
Pathological Changes Observed in the Bronchi 
Associated with Smoking 
OscaR AUERBACH, East Orange, N. J. 
(Abstract not available at time of publication) 
A Critical Examination of Experimental Data on 
Smoking and Chest Diseases 
Rosert C. Hockerr, New York, N. Y. 
(Abstract not available at time of publication) 
Certain Research Accomplishments and Research 
Needs in the Lung Cancers 
Dean F. Davies, New York, N. Y. 


(Abstract not available at time of publication) 
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NOTICES 


The following dates and locations of the next 
three annual meetings of the National Tubercu- 
losis Association and the American Trudeau So- 
ciety have been selected and approved: 

1960—Los Angeles, California—May 15-20 
1961—Cineinnati, Ohio—May 21-26 
1962—Miami Beach, Florida—May 20-25 


XV CONFERENCE OF INTERNATIONAL UNION 
AGAINST TUBERCULOSIS 


The International Union Against Tuberculosis 
will hold its XV International Conference in 
Istanbul, Turkey, September 11-18, 1959. Pre- 
liminary programs are available at the Executive 
Offices of the National Tuberculosis Association. 

Since its founding in 1920 and particularly in 
the past decade, this conference has 
become an outstanding event and an authoritative 
source of information for all interested in any 
aspect of tuberculosis control. As is apparent in 
the list of scientific sessions below, the scope has 
broadened to include peripheral topics as well as 
strictly medical. Our Councillors have been in 
favor of this expansion as the Union is a federation 
of voluntary tuberculosis associations and can 
mitigate toward a better understanding of this 
concept in every country where an association 
exists. Several of the members, in addition to 
having accepted chairmanships will be speakers. 

Details of travel, et cetera, can also be procured 
from the Executive Office of the National Tuber- 
interested in 


biennial 


culosis Association, and 
attending is urged to write for both program and 


anyone 


information. 
Scientific Sessions 


Tuesday, 15th September 
9a.m.—l p.m. 
Symposium I: Chemoprophylaxis of tuber 
culosis—its experimental, clinical and 
social aspects. 
Chairman: Professor 
(France). 


Robert Debré 
3 p.m.—6 p.m. 

Symposium II: The problem of 
bacilli (ecology, pathogenicity for man, 
bacteriologic characteristics). 

Daniel E. 


acid-fast 


Chairman: Professor Jenkins 
(U.S.A.). 
Wednesday, 16th September 
p.m. 
Symposium III: Present day indications of 
surgical treatment of pulmonary tuber- 


culosis. 


Chairman: Sir Clement Price Thomas 
(Great Britain). 

3 p.m.—6 p.m. 

Symposium IV: New antibacterial drugs. 

Chairman: Professor L. Hailmeyer (Ger- 
many). 

Thursday, 17th September 

9 a.m.—l p.m. 

Symposium V: The problem of relapse in all 
of its aspects (relapse after chemother- 
apy, surgery, collapse therapy, ambula- 
tory treatment, and its importance from 
the epidemiologic standpoint). 

a) Relapse after medical treatment: 

Chairman: Professor M. Variéty (France). 

b) Relapse after surgical treatment: 

Chairman: Dr. R. 8. Mitchell (U.S.A.). 

Friday, 18th September 

9 a.m.-l p.m. 

Symposium VI: New methods in rehabilita- 
tion of the tuberculous. 

Chairman: Dr. K. Oppikofer (Switzerland). 

3 p.m.-6 p.m. 

Symposium VII: Health education in the 
light of new methods of treatment of 
tuberculosis. 

Chairman: Dr. Tevfik Gokce (Turkey). 

Symposium VIII: The role of the public 
health nurse and the social worker in 
tuberculosis control. 

Chairman: Professor Jadwiga Szustrowa 
(Poland). 

\ Seminar on ‘“‘Recent Knowledge on the Mech 
anism of Acquired Immunity in Tuberculosis,” 
under the chairmanship of Professor R. Cruik- 
shank (Great Britain), will be held on Friday, 
18th September, 1959. 

The role of BCG vaccination in the different 
countries of the world will be discussed on Satur- 
day morning, 19th September, under the chair- 
manship of Professor Armand Frappier (Canada). 

Preliminary planning indicates that the follow- 
ing NTA-ATS members will take part in scientific 


symposia: 


Chemoprophylazxis of Tuberculosis 
Walsh McDermott, M.D. 
Carroll E. Palmer, M.D. 
Leon H. Schmidt, Ph.D. 
Mrs. Shirley Ferebee 
The Problem of Acid-fast Atypical Bacilli 
Daniel E. Jenkins, M.D. (Chairman) 
Ernest H. Runyon, Ph.D. 
William Steenken, Jr., M.D. 
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Roger S. Mitchell, M.D. 
James KE. Raleigh, M.D 


Health Education in Light of New 


Treatment 


Walsh MeDermott, M.D. 


James G. Stone 
Albert M. Kessler 
The Role of The Public 
Social Worker in Tube 
Jean South, R.N. 


Health Nurse 


(2) Relapse after Surgical Treatment 


rculosis Control 


Vew Methods of Rehabilitation of the 


David T. Carr, M.D 
Recent Knowledge on the 
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tree of, tuberculous Ivmph node perforation 
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unusual roentgenographic and clinical find 


ings in, 553 


and smoking, 715 


‘andida 


fungi, isolation of, from tuberculous patients, 407 


in tuberculosis, pulmonary, 706 


‘apillary (ies) 


blood volume, pulmonary, measurement of, 57 
erection of, and lungs, fetal and neonatal, struc 


tural appearance of, 723 


‘arbon dioxide 


analyzer in ventilatory failure, rapid diagnosis 
of, 30 

respiratory response to noscapine and codeine 
in, 59 

tension, mean venous blood, determination of 

from exponential carbon dioxide rise during 


rebreathing, 422 


‘arbon monoxide 


diffusing capacity of lungs for, methods of meas 
uring, 57 
poisoning, acute, effect on work capacity, 723 


‘arcinogenesis, new approach to, 728 
‘arcinoid. See Tumor(s) 


See also Cancer 
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in young adults, 45 

co-existing with sarcoidosis, 35 
pulmonary, hyper- 


with osteoarthropathy, 


trophic, vagotomy in, 702 


of bronchial stump, recurrent, radiation 
therapy in, 25 
bronchogenic 
adenosine desminase activity in plasma of 


patients with, 400 


cavity formation in, 701 
and Cushing’s syndrome, 3 
early detection and treatment of, 701 
109 


pulmonary, 41 


results in treatment of, 
in tuberculosis, 
of esophagus 
cobalt -60 beam therapy in, 417 
simplified cytodiagnosis in, 711 
pulmonary 
cytology in diagnosis of, 4 
metastatic, cor pulmonale, subacute, from, 553 
nonresectable, angiocardiography in, 25 
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and tuberculosis, pulmonary, 706 
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‘ardiopulmonary disease, breathing mechanics 


in, 30 


‘ardiopulmonary function, epinephrine (racemic) 
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of mycobacteria, 574 
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Climate and cough relationship in a smogless New 
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Cattle, isolation of M. johnei from lymph nodes 
and spleen of, 61 

segmental 

cavity in a single remaining lung, 560 


Cavernostomy, open, for superior 

Cavity (ies) 
formation of, in carcinoma, bronchogenic, 701 
local chemotherapy in, 569 
pheumolysis, management of, 409 
segmental, superior, cavernostomy, open, for, 
in single remaining lung, 560 

tuberculous 
endobronchial, controlled, antimicrobial 
treatment of, 42 

experimental 
by air-borne infection, in rabbit lung, 425 
and encapsulated caseous foci, 425 

open healing of 
in conservatively treated patients, 41 
lung abscess complicating, 2 

pulmonary, seen roentgenographically and 

on resected specimens, 24 
walls of, histology in, 407 


Cell(s) 


mammalian, and mycobacteria, in tissue culture, 
423 

plasma, tumor, of trachea, 705 

pulmonary, mast, in experimental silicosis in 
rat, 62 


Ceramic industry, fireproof, silicosis in, 23 
Cerase as antituberculous agent, 721 
Cetavlon®. See Cetyltrimet hylammonium bromide 


bromide in tubercle 


bacilli cultivation, with pancreatin, 12 


Chemotherapy. See also Antimicrobials 


intravenous, in tuberculosis, pulmonary, 569 
local, for cavity treatment, 569 
long-term, of tuberculosis, pulmonary, silicosis- 
complicated, 419 
pathology and bacteriology of resected tuber- 
culous lung lesions after, 569 
and cortisone in pleurisy, tuberculous, 53 
prophylactic, in tuberculosis, experimental, 570 
recurrences after, in tuberculosis in children, 25 
in tuberculosis 
fatal complications, 569 
in infants, 55 
718 
tuberculous lesion deterioration during, pred- 
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pulmonary, for outpatients, 


nisone in, 
barrel, with senile lung and obstructive 


pulmonary emphysema, 36 


Chloroform, inhalers evaluated for, 48 
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Coccidioides immitis, nitrofurantoin in, 53 
Codeine in respiratory response to carbon dioxide, 
59 
Cor pulmonale 
in cardiopulmonary reserve reduction after pul- 
monary resection, 709 
subacute, from metastatic carcinoma of lung, 
553 
in tuberculosis, pulmonary, 42 
Cortical function, influence of isoniazid on, 571 
Corticosteroids. See Hormones 
Corticotropin. See Hormones 
Cortisone. See Hormones 
Cough 
39 
and climate relationship in a smogless New 
South Wales coastal district, 415 
Cryptococcosis. See Mycoses 


antitussive, non-narcotic, in, 


Cushing’s syndrome and carcinoma, broncho 
genic, 3 
Cycloserine 
hemorrhage during treatment with, 570 
in Léwenstein-Jensen medium, tubercle bacilli 
resistance determination in, 420 
resistance to, 570 
in tuberculosis 
neuropsychiatric accidents from, 26 
pulmonary, 10, 570, 721 
in Asian patients, 54 
chronic, 55 
with isoniazid, in Vietnam, 10 
Cyst(s 
bronchogenic 
with recurrent pleural effusions, 702 
and intralobar sequestration, 2 
hydatid, of lung, bronchography after internal 
suture of pericyst, 20 
of lung, 4 
pericardial celomic, 702 
Cytology in diagnosis of carcinoma, pulmonary, 4 
Czechoslovakia 
Nitra region, organization and results of anti 
tuberculosis vaccination from 1950 to 1956 in, 
564 
Prague region, mass roentgenography in, 715 
Prague and Pilsen regions, vaccination in pri- 
mary tuberculosis in children and adolescents 
in, 564 
Slovakia 
tuberculosis 
childhood, mortality of in, 717 
mortality and dispensary registers in, 718 
tuberculosis in 
epidemiologic development of, 718 
microbiologic diagnosis of, 706 
planning in, 718 
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Decortication for pleural complications of pulmo- 
nary tuberculosis, 561 
Denmark 
eancer of lung in, 45 
ornithosis in, 23 
lung volumes in children 
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with, 58 
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with fibrocystic disease of pancreas and unusual 
pulmonary disease, 704 
mellitus ctuberculosis, 


Sweden, 23 
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from blunt trauma, 409 
congenital and elevation of, 710 
neurilemmoma of, causing severe hypertrophic 
pulmonary osteoarthropathy, 39 
rupture of, 710 
traumatic, stomach and 


incarceration of 


intestine after, 710 
Diethylearbamazine in eosinophilic lung, 555 
Dihydrostreptomycin, side effects in sanatorium 
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“Dipasie.”’ See also P-aminosalicylic salt of 
isoniazid 

in tuberculosis, pulmonary, chronic, 54 

Diverticulosis coli with cholelithiasis and hiatal 
hernia, 702 

Diverticulum, esophageal, esophagobronchial 
fistula complicating, 711 

Drugs, self-administration of, problems in tuber 
culosis, pulmonary, 720 


Dubos medium. See Medium(a) 


Duet(s), esophagobronchial, congenital, surgical 
closure of, 17 
Dust (s) 
cereal grain, causing respiratory allergy in 
South Africa, 714 


coal, 2% quartz in, tissue reaction in rat lungs 


after inhalation of, 31 
Fiberglas”-plastic, biologie action of, 32 
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hemorrhagic, from extrapleural pneumothorax, 
prednisolone in, 703 
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etiologic distribution of, 554 
hemorrhagic, and seurvy, 35 
lipids in differential diagnosis of, 576 
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in transitional pulmonary circulation of new- 
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in cerebrospinal fluid, in meningitis, tuber- 
culous, 44 
in effusions, pleural, serous, 576 
free micro-, in isolation of tubercle bacilli, 
60 
in serum changes in silicosis, 38 
Embolectomy, pulmonary, 49 
Embolism 
pulmonary 
electrocardiogram in, 35 
familial, 703 
and infarction, 4, 703 
Emphysema 
and bronchitis, chronic, 700 
bullous, 4 
hypertrophic, congenital, 554 
localized from tracheal bronchus, 555 
and lungs of the aged, 554 
lung elasticity in, relaxation pressure curve in, 
725 
microroentgenography in, 417 
obstructive, diffuse, chronic, nonuniformity of 
pulmonary ventilation in, 727 
pulmonary 
chronic, epinephrine (racemic) inhalation, in, 
effects on cardiopulmonary function of 
normal subjects and patients with, 421 
diffuse, and papilledema, 401 
localized, in infancy, 4 
obstructive, in senile lung, and barrel chest, 
36 
pathogenesis of, 35 
72: 


venous admixture in, 


ulceration, peptic, acute, in, 401 
Empyema 
pleural, chronic, surgery in, 45 
tuberculous, nitrogen mustard in, 571 
Encephalomeningitis, tuberculous, in adults, 
corticotropin in, 43 
Encephalopathy in pulmonary disease, 401 
Endarteritis obliterans, assessment of, in pulmo 
nary arteries, 575 
Endocarditis, bacterial, moniliasis complicating, 
nystatin in, 53 
Endothelioma. See Tumor(s 
Energy costs of activities in health and disease, 
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England 
Northumberland, pneumoconiosis of coal miners 
in collieries of, 6 
London, East, school in, tuberculous infection 
in, 51 
Eosinophilia 
infiltration with, due to smoke in- 
halation, 555 


pulmonary 


tropical, diethylearbamazine in, 555 
Epinephrine 
racemic, inhalation effects on cardiopulmonary 
function in normal and chronic pulmonary 
emphysematous subjects, 421 
trifluroethane sensitization of 
action of, 711 
Epithelium, respiratory 
tion, and residence 
metaplasia of, 562 
Erythrocytes, changes in, in chronic pulmonary 
insufficieney, 421 
Ksophagogastrostomy, pyloroplasty in, with sub- 


dog heart to 


tract, smoking, occupa- 
as factors in squamous 


total proximal gastrectomy, 19 
Esophagus 
achalasia of, surgery in, 708 
atresia of, and distant membranous obstruc- 
tion, 4 
and bronchus, fistulas of , 402 
carcinoma of, cobalt-60 beam therapy in, 417 
carcinoma of, simplified ceytodiagnosis in, 711 
moniliasis of, roentgenography in, 567 
rupture of, spontaneous, 5 
Ether analgesia, inspired concentrations, flam- 
mability, and levels in arterial blood, 708 
and pericarditis with effusion, 


Ewart’s sign 


403 


Farmer’s lung, 36 
plastic dust. See Dust 


Fibrosis 


cystic 
of pancreas 
and diabetes, with unusual pulmonary dis- 
ease, 704 
and rectal prolapse, 36 
pulmonary, and infiltration of unknown eti- 
ology, 558 
Fibrothorax and functional retractive syndromes, 
560 
Finland, tuberculosis mortality and morbidity in, 
413 
Fistula(s) 
arteriovenous, in aneurysm, congenital, of 
coronary artery, 719 
bronchial, secondary to tuberculous spondylitis 
of thoracie vertebra, 43 
esophagobronchial, 402 
complicating esophageal diverticulum, 711 
nonmalignant, acquired, surgical success in, 
416 
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pulmonary, arteriovenous, and liver abscess, 5 
tracheoesophageal 
congenital, 711 
in adult, 36 
tuberculous, trypsin in, 46 
Flow low metabolism reduced 
by, and hypothermia, 724 
See Trifluroethane 


pump oxygenator 


Fluothane* 

“Flute drainage,”’ 410 

Foci, calcified primary, and tuberculous lesions, 
secondary, pulmonary, 407 

France, 

Montpellier, Twelfth 

tuberculosis in, 729 

Ftivazid”. See 3-Methoxy-4-hydroxy-benziliden 


nicotinic acid hydrazide 


National Congress of 


Fungus (i 
of Candida group, isolation of, from tuberculous 
patients, 407 
disease from, in northern California, 715 
infections 
endobronchial, 5 
fatal, in sarcoidosis, 7 
Furantin”. See Nitrofurantoin 


Gastrectomy, proximal, subtotal, with esophago- 


gastrostomy, pyloroplasty in, 19 
Gastroesophageal sphincter mechanism, 50 
Geroderma and nanosomia due to anovaria, 17 
Gland(s 
parotid, tuberculosis, nodular, of, 
pituitary, 404 
Cioiter, mediastinal, posterior, 402 


40S 


in sarcoidosis, 


Cionads, radiation doses to, from diagnostic roent 
genographie procedures, 418 

Granuloma. See Tumor(s 

Hamartoma. See Tumor(s 

Health education and tuberculosis, 

Heart 


disease of 


411 


acquired, lung changes in, 402 
congenital 
during 


intracardiac measurement 


in, 29 


pressure 
surgery 

and tuberculosis, pulmonary, 13 
of dog, trifluroethane sensitization of to action 


of epinephrine, 711 


and major vessels, disease of, thoracic roent 
genographic manifestations in, 417 

nonpenetrating traumatic injury of, 411 

reaction to selective angiocardiography , 566 


‘‘Hematophor” in collection of menstrual blood, 15 
Hemolysis, acute, following PAS, 53 
idiopathic, iron se 


Hemosiderosis, pulmonary, 


questration in lungs in, 72 
Hemorrhage 
complications, serious, from isoniazid, 570 


during eveloserine treatment, 570 
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diaphragmatic 
from blunt trauma, 409 
congenital, and elevation of diaphragm, 710 
strangulated, 46 
hiatal, with cholelithiasis 
coli, 702 
mediastinal, stratigraphic investigation of, 560 
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lung cancer, 567 
Histamine in asthma, bronchial, urinary excretion 
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of , 552 
Histoplasmosis. See Mycoses 
Hodgkin’s disease, prognosis in, 402 
Hormones 
adrenocortical, with antimicrobials, in pleurisy, 
tuberculous, exudative, 53 
corticosteroids 
aggravating tuberculosis, pulmonary, 9 
in meningitis, tuberculous, 14 
and corticotropin in tuberculosis, 406 
corticotropin 
and antimicrobials in tuberculous peritonitis, 
568 
adrenal secretion in tuberculous patients on, 
570 
and corticosteroids in tuberculosis, 406 
and cortisone in sarcoidosis, pulmonary fune- 
tion before and after, 557 
in encephalomeningitis, tuberculous, — in 
adults, 43 
in rapid desensitization to PAS, 420 
cortisone 
with chemotherapy in pleurisy, tuberculous, 
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in fatal fungal infection in sarcoidosis, 7 
in histoplasmosis, pulmonary, acute, dissemi 
nated, and MRD-112, 5 
in tuberculosis 
acute, 407 
advanced, major surgery for, 713 
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hydrocortisone 
in meningitis, tuberculous, 44 
in pleurisy 
exudative, 38 
tuberculous, 9 
with antimicrobials, in silicotuberculosis, 11 
prednisolone 
in hemorrhagic effusion caused by extra 
pleural pneumothorax, 703 
prednisone in tuberculous lesion deterioration 
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during chemotherapy, 722 
steroids 
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in pulmonary disease, 56 
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Hydrocarbon pneumonitis, 556 
Hydrocortisone. See Hormones 
Hydroxydione, cardiovascular, respiratory, and 
general pharmacologic properties of, 58 
2-Hydroxystilbamidine in blastomycosis 
of, 26 


Hydrothorax, hepatic, 37 


, toxicity 


Hyperplasia, lymphatic, and tonsillitis, 
105 
Hypertension 


chronic, 


malignant, fatal pulmonary 
treatment of, 6, 704 
pulmonary experimental production of, 61 


changes during 


so-called primary pulmonary, 705 
Hypertrophy, muscular, assessment of, in pulmo- 
nary arteries, 575 
Hypoplasia, congenital, 37 
Hypothermia 
induced, wound healing after, 18 
metabolism reduced by, and low flow pump 
oxygenator, 72 


physiologic aspects of, in dogs, 573 


lleum, infarction of, after resection of coarctation 
of aorta, 19 


Infarction and embolism, pulmonary, 
Influenza 
Asian 
community-wide epidemic of, 37 
pandemie of 1957, 414 
spontaneous pneumothorax in, 7 
S. aureus complicating, 400 
spontaneous pneumothorax in, 705 
epidemic of iga7—1958, mortality in, 414 
lung abscess and pneumonia in, 707 
pneumonia after, familial disposition to, 7 
viruses, 1957, antigenic peculiarities and sero- 
logic indexes of immunity, 60 
Inhalers, evaluation of, for trichloroethylene, 
chloroform, and fluothane, 48 
Inspiratory positive pressure breathing, circulatory 
changes associated with, 28 
Intermittent positive pressure breathing 
in infants with poliomyelitis, 59 
in postoperative pulmonary complications, 18 
Intestine and stomach, inearceration of, after 
traumatic rupture of diaphragm, 710 
Intracranial after 
meningitis in children, 567 


calcifications tuberculous 
Intralobar sequestration 

and bronchogenic cysts, 2 

bronchopulmonary, 555 

of lung, 8 
Intrathoracic disease, scalene node biopsy in, 728 
Iron in lungs, sequestration of, in idiopathic 

pulmonary hemosiderosis, 724 

Isoniazid 

active in blood serum, 27 


alone in tuberculosis, pulmonary, in Java, 50 
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in BCG-induced immunity in guinea pigs, 575 
damage to eighth cerebral nerve, 28 
influence 
on cortical funetion, 571 
on pyruvie acid excretion, 571 
levels in children, 721 
in M. 
method, 27 
PAS added to, effect on blood serum, 26 
prolonged, in 


tuberculosis, effect in, by slide culture 


tuberculosis, pulmenary, with 
streptomycin and sodium PAS, 54 
prophylaxis, 52 
resistance in tuberculosis, pulmonary, 571 
resistant 
BCG, isolation and maintenance of, 727 
strains of M. tuberculosis var. hominis, pyru- 
vate-containing egg medium in culture of, 
574 
tubercle bacilli 
alpha-ethyl-thioisonicotinamide in, 27 
attenuation of pathogenicity in, 729 
highly pathogenic for guinea pigs, 31 
human, virulence studied by whole body 
homogenization of mice, 60 
in tuberculous meningitis, 559 
in tuberculous meningitis in children, 26 
serious hemorrhagic complications of, 570 
streptomycin effect on kanamycin-resistant 
tubercle bacilli, 28 
and streptomycin-resistant tubercle bacilli, 
distribution of, in lung, 424 
toxicity, pyridoxine in prevention of, 721 
in tuberculosis, pulmonary 
with p-cyecloserine, in Vietnam, 10 
early ambulant cases of, 11 
simultaneous with streptomycin and PAS, 572 
in urine, detection of, 56 
Isonicotinie acid hydrazide. See Isoniazid 
Isonicotinylhydrazide, metabolism of, 722 


Japanese Association for Tuberculosis, 
report, 13 


annual 


Java, tuberculosis, pulmonary, in, isoniazid alone 
in, 50 


Kanamycin 

bacilli, 
effect on, 28 

in tuberculosis, pulmonary, 54 


resistant tubercle streptomycin and 


isoniazid, 


17-Ketosteroids 
excretion of, in tuberculosis, and weather, 707 
in tuberculosis, pulmonary, 406 
Kidney 
dysplasia of, and tuberculosis, renal, 408 
PAS effects on, 722 
Kirchner’s medium. See Medium(a) 
Klebsiella, penicillin influencing emergence of, in 
sputum, 420 
Kveim reaction in sarcoidosis and tuberculosis, 38 
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Kymography, roentgen, analytic, of normal 
cardiac cycle, 418 


Leiomyosarcoma. See Tumor(s) 
Leprosy, pulmonary manifestations in, 556 
Lesion (s) 
mediastinal 
72 surgical cases, 38 
pulmonary 
metastatic, surgery in, 19 
monolateral, bronchospirometry in, 58 
tuberculous 
and bone and joint tuberculosis in children, 
558 
resected, pathology and bacteriology after 
chemotherapy, 569 
secondary, and calcified primary foci, 407 
indurated, small, relapse of pulmonary 
tuberculosis in patients with, 559 
prednisone in deterioration of, during chemo- 
therapy, 722 
Leukemia and tuberculosis, 406 
Lipids 
in differential diagnosis of pleural effusions, 576 
of M. tuberculosis var. Muris-Wells, 574 
Lipoma. See Tumor(s) 
Liver 
abscess of, and fistulas, pulmonary, arterio- 
venous, 5 
in sarcoidosis, 404 
Lobe(s 
“excluded,’’ clinical and functional aspects 
of , 560 
pulmonary, right upper, arterial distribution 
to, 57 
Léffler’s syndrome. See Eosinophilia 
Léwenstein-Jensen medium. See Medium(a) 
Lung(s) 
of the aged, emphysema and, 554 
agenesis of, 552 
aneurysm of, arteriovenous, in telangiectasis, 
hereditary, 34 
artery of, abnormal origin of coronary arteries 
from, 552 
aspergillosis of, 552 
primary, of, 34 
Azygos lobe of, 34 
biopsy, practical method for, 553 
bronchographic agents causing damage in, 719 
eancer of 
in asbestos miners, 23 
cobalt-60 intensive teletherapy in, 417 
diagnosis of, 702 
in females, 714 
primary 
diagnosis of, transverse hilar measurements 
in, 567 


and tuberculosis, pulmonary, 558 
unusual roentgenographic and clinical findings 
in, 553 
capacity, total, abdominal surgery, effect on, 58 
capillary blood volume and membrane dif- 
fusing capacity of, 57 
carcinoma of 
metastatic, cor pulmonale, subacute, from, 
553 
nonresectable, angiocardiography in, 25 
“radical’’ pneumonectomy in, 409 
and tuberculosis, pulmonary, 706 
cavities, tuberculous, seen roentgenographically 
and on resected specimens, 24 
circulation of, transitional, in newborns, 
auscultation and electrocardiography in, 724 
cyst of, 4 
hydatid, bronchography after internal suture 
of pericyst, 20 
and surgical closure of congenital esophago- 
bronchial duct, 17 
diffusing capacity of, 
for carbon monoxide 
methods of measuring, 57 
measurement by fractional analysis of 
alveolar air, 30 
diseases of 
from atypical acid-fast bacilli, 414 
chronic, asterixis in, 
encephalopathy in, 401 
with fibrocystic disease of pancreas and 
diabetes, 704 
steroids in, 56 


edema of, roentgenographic diagnosis of, 417 
elasticity of 
in emphysema, relaxation pressure curve in, 
725 
in normal and silicotic persons, relaxation 
25 


pressure curve in, 7 
embolism of 
electrocardiogram in, 35 
familial, 703 
and infarction, 703 
emphysema of 
chronic, epinephrine (racemic) inhalation, 
in, effects on cardiopulmonary function in 
normal subjects and patients with, 421 
diffuse, and pappilledema, 401 
obstructive, in senile lung, and barrel chest, 36 
pathogenesis of, 35 
eosinophilic, diethylearbamazine in, 555 
*‘Farmer’s’’, 36 
fatal changes of, during treatment for malig- 
nant hypertension, 704 
fetal and neonatal, structural appearance of, 
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function 
in sarcoidosis, before and after corticotropin 


and cortisone, 557 


in obese persons, 58 
functional shunts of, 29 
hamartoma of, 5 
in heart disease, acquired changes of, 402 
hypertension 
experimental production of, 61 
primary, of, so-called, 705 
infiltration 
with eosinophilia due to smoke inhalation, 555 
and fibrosis of unknown etiology, 558 
rapidly progressive, with fever and coma, 6 
insufficiency, chronic, secondary to silo-filler’s 
disease, 6 
intralobar sequestration of, 8 
involvement of, in panniculitis, nonsuppurative, 
nodular, relapsing, 705 
iron in, sequestration of, inidiopathic pulmonary 
hemosiderosis, 724 
in leprosy, manifestations of, 556 
lesions 
metastatic, surgery in, 19 
monolateral, bronchospirometry in, 58 
tuberculous 
and bone and joint tuberculosis in children, 
558 
resected, pathology and bacteriology after 
chemotherapy, 569 
secondary, of, and calcified primary foci, 
407 
lobe, right upper, arterial distribution to, 57 
lymphatic drainage of, in the dog, 576 
mast cells of, in experimental silicosis in rat, 62 


moniliasis of, 6 
mycetoma of, 556 
osteoarthropathy, hypertrophic, severe, of, 
caused by neurilemmoma of diaphragm, 39 
peripheral anatomy of, bronchography of, 719 
postoperative complications, intermittent posi- 
tive pressure breathing in, 18 
rabbit, experimental formation of tuberculous 
cavities in, by air-borne infection, 425 
rat 
tissue reactions produced by calcium fluoride 
in, 31 
tissue reaction in, from 2% quartz in coal 
dust, 31 
resection 
anesthesia in, 20 
death factors in, 19 
extensive, cor pulmonale in cardiopulmonary 
reserve reduction after, 709 
roentgenographic examination during resection, 
417 
in scleroderma, 7 
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senile, with barrel chest and obstructive pul- 
monary emphysema, 36 
specimens of, preservation of, by methyl 
methacrylate, 576 
streptomycin- and isoniazid-resistant tubercle 
bacilli distribution in, 424 
torulosis of, 557 
transplantation of, in dogs, 29 
tuberculosis of 
bronchography and anatomy bron- 
chiectasis in, 410 
and cancer of lung, primary, 558 
relapse in, 558, 559 
surgery of, 410 
tumor of 
epithelial, malignant, 729 
postinflammatory, 8 
primary, and tuberculosis, 707 
tumor-forming, amyloidosis of, 2 
-vascularization, anastomosis of vena cava- 
pulmonary artery for, 15 
veins of 
admixture of, in emphysema, silicosis, and 
silicotuberculosis, 723 
drainage of, anomalous, 723 
ventilation of 
in infants, 726 
nonuniformity of, in emphysema, obstructive, 
diffuse, chronic, 727 
in physiologic sleep in normal subjects, 59 
ventilatory function, simple instrument for 
evaluating, 59 
vital capacity of, body surface and height as 
reference medium for, 573 
volumes 
in dermatitis, atopic, in children, 58 
effect of bronchodilator drugs on, in symptom- 
free asthmatic children, 572 
relationships in symptom-free asthmatic 
children, 422 
tests, airway resistance, and -conductance, 
relationship as to age and body size, 722 
of welders, electric-are and oxyacetylene, 404 
Lupus erythematosus, systemic, pleuritis in, 37 
Lymphadenitis 
purulent, after BCG, 21 
suppurative, with caseous tubercle formation 
after BCG vaccination, 44 
trypsin in, 46 
Lymphatic drainage, pulmonary, in the dog, 576 
Lymph node(s) 
biopsy, prescalene, 408 
mediastinal, puncture through tracheal carina, 
49 
M. johnei isolated from cattle, 61 
perforation of, tuberculous, into bronchial 
tree of adult, bronchoscopy in, 405 


and 
f, 417 
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sealene, nonpalpable, biopsy in, diagnostic Mesothelioma. See Tumor(s) 


value in chest diseases, 49 


Measles, 
Mediastinum 


tuberculin sensitivity during, 413 


abnormal shadows of, from tortuous 
aorta, 416 

goiter of, posterior, 402 

granulomas of, 5 

hernias of, stratigraphic investigation of, 

masses of, 38 

roentgenography of, in 


pneumomediastinum in, 568 


tumor of, azygos vein dilatation simulating, 416 


Medium(a 
Dubos 


BCG vaccine grown in, first experiences of 


vaccination with, 564 


fluid with Tween", mycobacteria grown in, 


determination of viable 
egg, 
isoniazid-resistant 


pyruvate-containing, in 
strains of M. 


var. hominis, 574 


Kirchner’s, M. tuberculosis in, routine isolation 


of, 423 
Liéwenstein-Jensen, cycloserine in, 
determination of tubercle 
ceptibility of M. tuberculosis, 423 
Meig’s syndrome, 711 
Meleinic acid 
hydrazid, 419 
phenylhydrazid, 419 
Membrane(s) 
mucous, in sarcoidosis, 404 
pulmonary, diffusing capacity, measurement of, 
57 
Meningitis 
tuberculous 
in children, intracranial calcifications after, 
567 
corticosteroids in, 14 
electrophoretic studies of cerebrospinal fluid 
in, 44 
hydrocortisone in, 44 
isoniazid-resistant tubercle bacilli in children 
with, 26 
from isoniazid- and streptomycin-resistant 
bacilli, 559 
present treatment of, 559 
working after, 562 
Menstrual blood, diagnosis with ‘“‘hematophor,”’ 
15 
Mental patients, tuberculosis, pulmonary, in, 
surgery in, 20 
aspiration of, roentgenography 


Mercury, metallic, 


in, 556 


thoracic 


560 


silicotuberculosis, 


bacteria in, 423 
culture of 


tuberculosis 


resistance 
bacilli in, 420 


solid and liquid, tests for streptomycin sus- 


Metabolism reduced by hypothermia and low 
flow pump oxygenator, 724 

Metaplasia, tract 
epithelium, smoking, occupation, and _resi- 


squamous, of respiratory 
dence as factors in, 562 

Metastases 

pulmonary 

apparent solitary, treatment of, 46 
surgery in, 46 

3-Methoxy-4-hydroxy-benziliden nicotinic acid 
hydrazide, estimation of, 571 

Methyl methacrylate in lung specimen preserva 
tion, 576 

Migration as influence upon tuberculosis in cities, 
413 

Mitral insufficiency, Davila-Glover purse-string 
suture in, 561 

Monge’s disease. See ‘‘Chronic mountain sickness” 

Moniliasis. See Mycoses 

Mortality rate 

of tuberculosis 

and morbidity, in Finland and Helsinki, 413 
increase of, in elderly men, 413 

MRD-112. See Beta-diethylaminoethylfencholate 

Mycetoma. See Tumor(s) 

Mycobacteria 


secrofula from, 707 


acid-fast, chromogenic, 
bovine, tuberculosis from, 
catalase activity of, 574 
dispersing effect of ultrasonics on, 424 
grown in Dubos fluid medium with Tween", 


determination of viable bacteria in, 423 


and mammalian cells in tissue culture, 423 
stability of, exposed to ultrasonics, 424 

urease activity in, 574 

in vivo breakdown, tubercle bacilli, lipid com- 


ponent in, 61 


Mycobacterium 


johnei 
isolation from retropharyngeal and ileocecal 
lymph nodes and spleen of cattle, 61 
mycobactin-containing liquid medium for 
study of, 61 
tuberculosis 
var. hominis, pyruvate-containing egg me- 
dium in culture of  isoniazid-resistant 
strains of, 574 
isoniazid effect in, by slide culture method, 27 
Kirchner’s medium in routine isolation of, 423 
var. Muris-Wells, lipids of, 574 
niacin production by, 60 
solid and 


streptomycin susceptibility of, 


liquid medium tests for, 423 


Mycobactin-containing liquid medium for study 


of M. johnei, 61 
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aspergillosis 
primary, of lung, 34 
pulmonary, 552 
blastomycosis 
toxicity of, 26 
skin test sensitivity in epidemic area, 50 


2-hydroxystilbamidine in, 


cryptococcosis 
resection in, 18 
Na- 


(torulosis), 

report of Clinical Staff Conference at 
tional Institutes of Health, 553 
deep, treatment of, 421 

pulmonary, 


pulmonary 


echinococcosis, atypical roent- 
genograms in, 24 
histoplasmosis 
bats associated with, 50 
human, disease spectrum of, 704 
pulmonary, disseminated, acute, cortisone 
and MRD-112 in, 5 
the Walworth, Wisconsin epidemic of, 415 
moniliasis 
complicating bacterial endocarditis; nystatin 
in, 53 
esophageal, roentgenography in, 567 
pulmonary, 6 
sarcoidosis, 557 
carcinoma, bronchial, co-existing with, 35 
cerebral, roentgenographic changes in, 
fatal fungal infection in, 7 
lung function in before and after corticotropin 


568 


and cortisone, 557 
pine pollen in, 562 
and pituitary gland involvement, 404 
pulmonary, photofluorography in, 563 
splenic, hepatic, mucous-membrane, retinal, 
and joint manifestations in, 404 
systemic, and tuberculosis, 15 
and tuberculosis, Kveim reaction in, 38 
Mycostatin®. See Nystatin 
Myocarditis, Fiedler’s, fatal, 
muscular streptomycin, 420 


following intra- 


Nanosomia and geroderma due to anovaria, 17 
National Health, Clinical Staff 
Conference, on cryptococcosis, 553 


Institutes of 
report 
Neurilemmoma. See Tumor(s) 
Nerve(s) 
eighth cerebral, isoniazid damage to, 28 
phrenic, tumor, neurogenic, of, 39 
Neuritis. See Neuropathy 
Neurofibromatosis, clinical and roentgenographic 
manifestations of, 403 
Neuropathy, peripheral, with bronchiectasis, 401 
Niacin, M. tuberculosis production of, 60 
Nitrofurantoin as a coecidioidal fungicide, 53 
Nitrofurazone in tumor, testicular, metastatic, 56 
Nitrogen mustard in tuberculous empyema, 571 
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Node(s), scalene, biopsy in intrathoracic disease, 
728 

Noseapine in 
dioxide, 59 

Nucleus(i), intra-, inclusion body, in fatal in- 
fantile pneumonia adenovirus, 403 

Nystatin, crystalline, in moniliasis complicating 
bacterial endocarditis, 53 


respiratory response to carbon 


from 


Obesity, pulmonary function in persons with, 58 
Oleothorax postpneumonectomy, 48 
Ornithosis in Denmark, 23 
Osteoarthropathy 
pulmonary, hypertrophic 
with carcinoma, bronchial, vagotomy in, 702 
severe, caused by neurilemmoma of diaphragm, 
39 
Oxygen in hyaline membrane disease, 729 
Ozone toxicity in young chicks, 32 


P* in tubercle bacilli virulence studies, 61 
Pancreas 
eystic fibrosis of 
and diabetes, with unusual pulmonary disease, 
704 
and rectal prolapse, 36 
Pancreatin in tubercle bacilli cultivation, with 
cetyltrimethylammonium bromide, 12 
Pancytopenia and thymoma, 39 
Panniculitis, nonsuppurative, nodular, relapsing, 
with lung involvement, 705 
Pappilledema and emphysema, pulmonary, dif- 
fuse, 401 
Para-aminosalicylie acid 
adjunct to isoniazid, effect on blood serum, 26 
corticotropin in rapid desensitization to, 420 
excretion of, and its acetyl derivative, 572 
hemolysis, acute, following, 53 
renal failure from, 722 
sodium, prolonged, in tuberculosis, pulmonary, 
with streptomycin and isoniazid, 54 
in tuberculosis, pulmonary, simultaneous with 
streptomycin and isoniazid, 572 
Parallergy in tuberculosis, pulmonary, 405 
Particle-sizing method for aerosols and fine 
powders, 23 
Patent ductus arteriosus, “‘atypical,’’ surgery in, 
708 
Pectus excavatum, electrocardiographic changes 
in, 38 
Penicillin, influence on emergence of Klebsiella 
in sputum, 420 
Pericarditis with effusion, and Ewart’s sign, 403 
Pericardium 
Vim-Silverman needle, 408 


biopsy of, with 


drainage, self-cleansing, of, 410 
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Pericyst, internal suture of, bronchography 
after, 20 

Peritonitis, 
corticotropin in, 568 

Peroxidase activity of tubercle bacilli, 728 


tuberculous, antimicrobials and 


Phagocytosis of tubercle bacilli, in vitro, with and 
without antimicrobials, 60 
Phosphorus, radioactive, in pleural effusion 
diagnosis, 703 
Photofluorography. See Roentgenography 
Photography, bronchial, with simple apparatus, 
411 
Physical therapy in chronic bronchopulmonary 
disorders, 3 
Pine pollen in sarcoidosis, 562 
Placental extracts in tuberculosis, pulmonary, 
streptomycin-resistant, 53 
Plasma. See also Blood 
adenosine deaminase activity in, in cancer 
patients, 400 
Pleura 
complications of, in tuberculosis, pulmonary, 
decortication for, 561 
drainage, self-cleansing, of, 410 
endothelioma of, diagnosis of, 703 
parietal, biopsy, needle, of, 408 
rupture of angiomatous malformation of, in 
newborn, 556 
Pleural effusion. See Effusion(s) 
Pleural fluid, sugar content of, 403 
Pleurisy 
with effusion, in childhood, and its sequels, 557 
exudative, hydrocortisone in, 38 
tuberculous 
cortisone and chemotherapy in, 53 
with effusion, in the aged, 557 
exudative, adrenocortical hormones and 
antimicrobials in, 53 
hydrocortisone, local, in, 9 
Pleuritis 
in lupus erythematosus, systemic, 37 
mediastinalis superior in adults, 556 
Plombage, extraperiosteal, in tuberculosis, pul- 
monary, 711 
Pneumoconiosis 
of coal miners in Northumbrian collieries, 6 
in grain, oil, and flour workers, 715 
Pneumolysis cavities, management of, 409 
Pneumomediastinum — in roentgenography = of 
mediastinum in silicotuberculosis, 568 
Pneumonectomy 
in leiomyosarcoma, 20 
“radieal,’’ in carcinoma of lung, 409 
Pneumonia 
infantile, fatal, from adenovirus, 403 
and lung abseess in influenza, 707 
death of surgically 


pneumocystic, causing 


treated newborn, 705 
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pneumocystis, 705 
post-influenzal, familial disposition to, 7 
staphylococcic, in infancy and childhood, 403 
Pneumonitis 
chronic, nonspecific, surgery in, 19 
hydrocarbon, 556 
interstitial, granulomatous, acute (Farmer’s 
lung), in agricultural workers, 36 
Pneumothorax 
extrapleural 
causing hemorrhagic effusion, prednisolone 
in, 703 
recent results with, 561 
progressive, acute, respiratory response to, 421 
residual air in, 59 
spontaneous 
and 1957 influenza, 7 
in influenza, Asian, 705 
Poliomyelitis, intermittent positive 
respiration in infants with, 59 
PPD. See Tuberculin 
Prednisolone. See Hormones 
Pregnancy and tuberculosis, pulmonary, 13 
Pressure ventilation, positive-negative, modified 


Ayre’s T-piece in, 727 


pressure 


Promethazine hydrochloride in bronchoscopy, 20 
Pubis, tuberculosis of, 408 
Pulmonary dynamics, field testing of, 42! 
Pulmonary insufficiency, chronic, erythrocyte 
changes in, 421 
Pulmonary shunts, 29 
Pulmonary venous return, :nomalous, total, com- 
plete correction of, 48 
Purpura and tuberculosis, 13 
Pyloroplasty in subtotal proximal gastrectomy 
with esophagogastrostomy, 19 
Pyrazinamide 
antituberculous effect of, 28 
in tuberculosis, pulmonary, 572 
Pyridoxine in isoniazid toxicity prevention, 721 
Pyruvie acid, excretion of, influence of isoniazid 


on, 571 
Quartz in coal dust, tissue reaction in rat lungs 
after inhalation of, 31 


Radiation 
in diagnostic roentgenographic procedures, 418 
dose measurement techniques in, 418 
gonadal exposure dose from, 418 
therapy in carcinoma of bronchial stump, 
recurrent, 25 
and tuberculosis chest roent genographie exami- 
nations, 25 
Radioactive phosphorus 
labeled tuberele bacilli, distribution of in 


guinea pig after subcutaneous infection, 30 
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Ramibacterium pleuriticum, pathogenic properties 
of, 574 
Rectum, prolapse of, in cystic fibrosis of pancreas, 
36 
Red cells. See Erythrocytes 
Relapse of tuberculosis, pulmonary, chronic, in 
adults, 11 
fesection 
in bronchiectasis, long-term results of, 709 
of coarctation of aorta, infarction of ileum 
after, 19 
in eryptococcosis, pulmonary (torulosis), 18 
pulmonary 
anesthesia in, 20 
death factors in, 19 
extensive, cor pulmonale in cardiopulmonary 
reserve reduction after, 709 
roentgenography during, 417 
in tuberculosis, 16 
sleeve, of main-stem bronchus in _ bronchial 
adenoma, 18 
in tuberculosis, 712 
Residual air in pneumothorax, 59 
Respiration 
artificial manual and intermittent positive- 
pressure compared, 725 
complications in postoperative period, 49 
intermittent positive pressure in poliomyelitis, 
infants with, 59 
physical investigation of, 725 
rebreathing, determination of mean venous 
blood carbon dioxide tension from exponential 
carbon dioxide rise during, 422 
studies in children, symptom-free, asthmatic, 
lung volumes in, 422 
Respiratory 
dead space, and alveolar ventilation, 725 
failure, emergency treatment and transport of 
patients with, 725 
function and age in normal men at work, 59 
paralysis, new method for measurement of 
partial pressure of blood gases in children 
with, 572 
pathology and altitude, 726 
resistance, time-marked respiratory pressure 
volume loops in, 726 
response to acute progressive pneumothorax, 421 
studies in children, asthmatic and healthy, 
maximal breathing capacity in, 726 
tract giant-cell granuloma of, 39 
Retina in sarcoidosis, 404 
Rib(s), anomalies of, found during mass roent- 
genography, 716 
Roentgenography 
in agammaglobulinemia, 415 
anatomy, studies of, compared with, in tubereu- 


losis mortality, 24 
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angiocardiography 
in Bland-White-Garland syndrome, 566 
in carcinoma, pulmonary, nonresectable, 25 
as diagnostic procedure, 418 
intravenous, analysis of 600 cases, 566 
selective, reaction of heart to, 566 
angiography 
of anomalous artery in intralobar broncho- 
pulmonary sequestration, 719 
earotid, with sodium acetrizoate, blood 
pressure and heart rate responses in, 566 
in arteries, subclavian, 416 
bronchography 
agents used in, damage to lung from, 719 
blood iodine concentration after, 566 
of peripheral pulmonary anatomy, 719 
in cancer of lung, unusual findings with, 553 
in cavities, tuberculous, pulmonary, 24 
of chest, comparison of simultaneous 10 X 10- 
and 35 X 35-cm. films, 419 
in diagnosis of aneurysm, traumatic, chronic, 
acute, of thoracic aorta, 416 
diagnostic procedures of 
gonadal exposure dose from, 418 
millisecond timing and angiocardiography, 
comparison of dynapulse and impulse 
timing, 418 
radiation doses in, 418 
radiation dose measurement techniques in, 
418 
in echinococcosis, pulmonary, 24 
in edema, pulmonary, diagnosis of, 417 
in heart and great vessel disease, thoracic 
manifestations, 417 
of lung 
during resection, 417 
of electric-are and oxyacetylene welders, 404 
mass 
in the Prague region, 715 
rib anomalies found during, 716 
of mediastinum in silicotuberculosis, pneumo- 
mediastinum in, 568 
in metallic mercury aspiration, 556 
micro-, in emphysema, 417 
in moniliasis, esophageal, 567 
in neurofibromatosis, 403 
photofluorography 
observer error in multiple interpretation 
in, 567 
in sarcoidosis, pulmonary, 563 
and radiation in tuberculosis chest examina- 
tions, 25 
of right eardiophrenic angle, shadows in, caused 
by intrapleural lipoma, 418 
in sarcoidosis, cerebral, 568 
in silicotuberculosis, 568 
venography, internal mammary, 24 
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Sarcoidosis. See Mycoses 

Scleroderma, the lung in, 7 

Scotland, Dumfriesshire, respiratory symptoms, 
bronchitis, and disability in agricultural 
community in, 714 

Serofula from chromogenic acid-fast mycobac- 

teria, 707 

and effusion, pleural, 

ventricular 

with extracor 


hemorrhagic, 35 
defects of, 


Scurvy 
Septum, atrial and 
open intracardiac repair of, 
poreal circulation, 712 
Seroprotein and seroglycoprotein pattern changes 
in pulmonary tuberculosis after surgical and 
medical treatment, 559 
Serum changes in silicosis, electrophoresis in, 38 
Silicosis 
complicated tuberculosis, pulmonary, long- 
term chemotherapy of, 419 
a continuing problem, 415 
experimental in rat, pulmonary mast cells in, 62 
fire clay, experimental, 62 
in fireproof ceramic industry, 23 
relaxation 


lung elasticity in, pressure curve 


in, 725 
pulmonary venous admixture in, 723 
rapidly evolving, electrophoresis in serum 

changes in, 38 

in tuberculosis, pulmonary, 707 
Silicotuberculosis 

phneumomediastinum in roentgenography of 

mediastinum in, 568 

prednisolone and antimicrobials in, 11 

pulmonary venous admixture in, 723 

roentgenography in, 568 
Silo-filler’s pulmonary 


chronic, secondary to, 6 


disease, insufficiency, 


Sinus (es facial, secondary tuberculosis 
pulmonary, 707 
Sleep, rmhysiologic, alveolar gas tensions, pul- 
monary ventilation, and blood pH during, 59 
Slide culture method. See Tests 
Smoke inhalation, pulmonary infiltration with 
eosinophilia due to, 555 
Smoking 
and cancer and coronary artery disease, 715 
tobacco in squamous metaplasia of respiratory 
tract epithelium, 562 


Sodium acetrizoate, carotid angiography with 
blood pressure and heart rate responses in, 566 
Africa, 


grain dust in, 714 


South respiratory allergy from cereal 
Spleen 

VW. johnei isolated from cattle, 61 

in sarcoidosis, 404 
Spondylitis 

tuberculous 


differential diagnosis in, 14 
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of thoracic vertebra, bronchial fistula sec- 
ondary to, 43 
Staphylococcus aureus 
complicating Asiatic influenza, 400 
in pneumonia in infancy and childhood, 403 
Stenosis 
bronchial, kinked bronchus simulating, 17 
subaortic, 38 
Steroids. See Hormones 
Stomach and intestine, incarceration of, after 
traumatic rupture of diaphragm, 710 
Streptoduocin, auditory changes from, 52 
Streptomycin 
auditory changes from, 52 


intramuscular, causing fatal Fiedler’s myo- 
carditis, 420 
isoniazid effect on  kanamycin-resistant 


tubercle bacilli, 28 

and isoniazid-resistant tubercle bacilli, distri- 
bution of, in lung, 424 

VW. tuberculosis susceptibility to, tests on solid 
and liquid medium for, 423 

prolonged, in tuberculosis, 
sodium PAS and isoniazid, 54 


pulmonary, with 


resistant 
bacilli, tuberculous meningitis from, 559 
tuberculosis, pulmonary placental extracts 
in, 53 
tuberculin detoxication by incubation in pres- 
ence of, 574 
in tuberculosis, pulmonary, simultaneous with 
PAS and isoniazid, 572 
Streptovaricin, antituberculous activity of, in 
guinea pigs, 28 
Sugar content of pleural fluid, 403 
Surgery 
abdominal, effect on lung capacity, total, 58 
in achalasia of esophagus, 708 
in atrial and ventricular septal defects with 
extracorporeal circulation, 712 
in bronchiectasis, 44 
in empyema, pleural, chronic, 45 
in fistula, esophagobronchial, nonmalignant, 
acquired, 46 
major, in tuberculosis, pulmonary, advanced, 
cortisone in, 713 
in metastases, pulmonary, 46 
in patent ductus arteriosus, ‘‘atypiecal,’’ 708 
in pneumonitis, chronic, nonspecific, 19 
resectional, in bronchiectasis, in tuberculosis, 
pulmonary, 410 
thoracic 
anesthesia in, 20 
postoperative infections in, 15 
in tuberculosis, pulmonary, 47 
in tuberculosis 
primary, in children, 561 
pulmonary, 410 


sec- 
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stant 
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solid 


with 
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pres- 


with 
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and other chest conditions, analysis of, 47 
in mentally ill, 20 
silicotic, 712 

Sweden, diabetes mellitus and tuberculosis, pul- 


monary, in, 23 


Tebanyl-Leo.* See p-Aminosalol 


Telangiectasis, hereditary, aneurysm, pulmonary, 
arteriovenous in, 34 

Test (s 
airway resistance, -conductance, and lung 


volume relationship as to age and body size, 
422 
of alveolar ventilation and physiologic dead 
space, 726 
BCG in practice, 713 
cadmium in tuberculosis, pulmonary, 12 
maximal breathing capacity in asthmatie chil- 
dren, 726 
multiple-puneture depot tuberculin (PPD) 
cream, in man, 716 
positive-negative pressure ventilation, modified 
Avre’s T-piece in, 727 
provocation, in asthma, bronchial, 57 
relaxation pressure curve 
in lung elasticity 
in emphysema, 725 
of normal and silieotie persons, 725 
skin, blastomycin, follow-up of, in epidemic 
area, 50 
slide culture method 
demonstration of immunity to tuberculosis 
by, 575 
in effect of iscniazid on M. tuberculosis, 27 
for tuberculosis, pulmonary, 43 
Tetracycline in bronchitis, chronic, 722 
Thioamid of alpha-ethyl-isonicotinamide — in 
tuberele bacilli, isoniazid-resistant, 27 
Thiopneumoconiosis, 23 
Thoracoplasty, extrapleural, in tuberculosis, 
pulmonary, 17 
Thyoma. See Tumor(s) 
Tissue (s) 
carbon dioxide content of, serial changes in, 
during acute respiratory acidosis, 57 
culture, mycobacteria and mammalian cell 
relationship in, 423 
Tonsillitis, chronie, and lymphatic hyperplasia, 
105 
Torulosis. See also Mycoses (Cryptococcosis) 
pulmonary, 557 
Trachea, plasma cell tumor of, 705 
Tracheotomy, intrarespiratory humidification in, 
IS 
Trauma, blunt, diaphragmatic hernia from, 409 
Trichloroethylene inhalers evaluated for, 48 
Trifluorethane 
inhalers evaluated for, 48 
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-sensitization of dog heart to action of epi- 
nephrine, 711 
Triurol®. See Sodium acetrizoate 
Trochanter, greater, tuberculosis of, 408 
Trypsin 
intramuscular, in bronchitis, chronic, 701 
in tuberculosis, lymphadenitis, and tuberculous 
fistulas, 46 
Tubercle, caseous formation of, in lymphadenitis, 
suppurative, after BCG, 44 
Tubercle bacillus(i) 
control of contamination in cultivation of, 574 
effect of cancer cells, human, in tissue culture 
on, 422 
electrophoresis, free micro-, in isolation of, 60 
strains, virulence 
homogenization of 


human, isoniazid-resistant 
studied by 


mice, 60 


whole-body 


intrapulmonary injection of, tissue reaction 
caused by, 425 

isoniazid-resistant 
alpha-ethyl-thioisonicotinamide in, 
attenuation of pathogenicity in, 729 
highly pathogenic for guinea pigs, 31 


and streptomycin-resistant tuberculous men 


27 


ingitis from, 559 
in tuberculous meningitis in children, 26 
kanamycin - resistant, streptomycin - isoniazid 
effect on, 28 
P*-labeled, after subcutaneous infection, dis- 
tribution in guinea pig, 30 
pancreatin and cetyltrimethylammonium 
bromide in cultivation of, 12 
peroxidase activity of, 728 
phagocytosis, in vitro, with and without anti- 
microbials, 60 
resistance determination of, in cycloserine 
added to Léwenstein-Jensen medium, 420 
streptomycin- and iseniazid-resistant, distribu- 
tion of, in lung, 424 
virulence of, P®? used as tracer in studies of, 61 
virulent 
tuberculin allergy from, 413 
tuberculin allergy in guinea pigs after BCG 
vaccination and subsequent infection with, 
575 
Tuberculin 
allergy 
from BCG and virulent tubercle bacilli, 413 
in guinea pigs, after BCG vaccination and 
subsequent infection with virulent tubercle 
bacilli, 575 
detoxication by incubation in presence of strep- 
tomyein, 574 
negative tuberculosis, 8 
Old, in tuberculosis, portio, cure of, 15 
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PPD 


age factors in reaction to, 716 


multiple-puncture depot, cream tests in man, 


716 
skin reactions from, 562 
sensitivity 
during measles, 413 
epidemiologic studies of, 716 
trace elements in preparation of, 728 


Suberculosis 
abeyant, 563 


adenopathies, mediastinal, in, etiologic diag- 


nosis of, 42 
and aged, 412 
in Australia, 21 
in BCG-vaccines, 21 
bone and joint, 14 
in BCG-vaccinated children, 713 
functional results in children, 563 
and tuberculous pulmonary lesions in chil- 
dren, 558 
from bovine mycobacteria, 717 
Candida fungi in patients with, isolation of, 407 
chemotherapy 
fatal complications of, 569 
in infants, 55 
in childhood, 40 
diagnosis, treatment, and prophylaxis prob- 
lems, 717 
mortality in Slovakia, 717 
recurrences after chemotherapy in, 25 
and steroid excretion, 405 
in cities, migration as influence on, 413 
congenital, 44 
corticotropin and corticosteroids in, 406 
eycloserine in, neuropsychiatric accidents 
from, 26 
in Czechoslovakia 
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